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Representative Claim 

1. A stable, liquid pharmaceutical formulation of human parathyroid hormone at a 
concentration of 0.3 mg/ml to 10 mg/ml, comprising 

(i) human parathyroid hormone, 

(ii) a pharmaceutically acceptable buffer of pH 4 to 6, 
(hi) NaCL 

(iv) mannitol, 

(v) a preservative, and 

(vi) water . 

A67 (emphasis and spacing added). 
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(a) The Director is not aware of any other appeal involving the underlying 
decision in this case that was previously before this or any other appellate court. 

(b) The Director is also not aware of any pending case in this or any other court 
that will directly affect, or be directly affected by, this Court's decision in this 
appeal. 
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I. Statement of the Issue 
The key issue in this case involves the addition of "salt" to parathyroid 
hormone ("PTH") compositions. Billger's 1 claims are directed to a composition 
containing PTH and other additives for the treatment of bone-related disorders, 
such as osteoporosis. The additives, inter alia, facilitate administration of the 
PTH composition to a patient. Billger alleges that the addition of salt to the 
claimed PTH composition distinguishes the alleged invention from the prior art. 

1 Throughout this brief, inventors Billger and Brulls are referred to collectively as 
"Billger," the Joint Appendix is referred to as "A_," the Addendum to the 

Director's Brief is referred to as "ADD ," and Billger's Brief is referred to as 

"Br. at_." 
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However, the Board affirmed the obviousness rejection of the claims 
finding that adding salt to PTH compositions was taught by both prior art 
references (Holthuis or Endo). The key issue on appeal is whether substantial 
evidence supports the Board's findings that a person of ordinary skill would have 
known to add salt to PTH compositions. 

II. Statement of the Case 

Billger's application was filed on or around December 27, 2000 and claims 
priority to a PCT application filed on or around April 26, 1999. The Board 
affirmed the Examiner's rejection of claims 1-7, 9, 12, 17, 18, 21-24, 26-28 and 
31-36 (A33-36) as obvious in view of Holthuis et al. ("Holthuis"), U.S. Patent No. 
5,496,801 (A71-78), and Endo et al. ("Endo"), U.S. Patent No. 5,563,122 (A79- 
83). A2. The Board also affirmed the Examiner's rejections of claims 20 and 25 
as obvious in view of Holthuis, Endo and Selsted, U.S. Patent No. 5,547,939 
(A101-116). Id. 

Billger now appeals that decision to this Court. Because Billger has 
expressly chosen not to argue the claims separately on appeal and not to separately 
appeal the rejection of claims 20 and 25 (Br. at 16, n.5; A25), this appeal is 
directed only to representative claim 1 . 
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III. Statement of the Facts 

A. Claim 1 

PTH is a protein well recognized for controlling bone growth and density 
(A156); however, proteins may aggregate or precipitate, which is undesirable 
(A157, lines 1-9). Billger's specification (A156-178) notes that protein 
aggregation and precipitation may be rapid or slow (A 157, lines 1-8) and can be 
determined by visual inspection (A162, lines 26-27). Billger's claimed invention 
is directed to a "stable" liquid containing PTH and other additives, including salt. 
A67-70. 

Representative claim 1 reads as follows: 

1. A stable, liquid pharmaceutical formulation of human parathyroid 
hormone [PTH] at a concentration of 0.3 mg/ml to 10 mg/ml, comprising 

(i) human parathyroid hormone, 

(ii) a pharmaceutically acceptable buffer of pH 4 to 6, 

(iii) NaCl [sodium chloride or salt], 

(iv) mannitol [sugar], 

(v) a preservative, and 

(vi) water . 
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A67 (emphasis, spacing and bracketed information added). The formulation may 
be prepared in liquid form and is then either: (i) administered, or (ii) freeze-dried 
(lyophilized) and reconstituted prior to administration. A159, lines 4-6; A161, 
lines 5-8. Billger's specification teaches that preservatives allow for "the use of 
the formulation in a multidose product." A167. 

The terms "stable, liquid" were added to the claim by an amendment filed 
after the final rejection in an attempt to distinguish the claimed composition from 
the prior art. A44; A268-69. However, Billger's specification does not expressly 
define the term "stable" and does not teach a minimum time for determining 
"stability." Moreover, none of the more than 30 compositions in Examples 1-6 
testing "stability" fall within the limitations of the claim. A 163-72. For example, 
none contained a "preservative," except for Example 6, which lacked salt or 
mannitol. Al 66-67. Additionally, Example 1 compositions 2A, 2B, and 2C each 
lacked salt and 2D, 2E, 2F, and 2H each lacked mannitol (A169); Example 2 
tested compositions for "pH Stability" with a PTH concentration of 0.2 mg/ml and 
no salt (Al 63-64); Examples 3 and 4 tested compositions with a PTH 
concentration of 0.2 mg/ml (A 164-65); and Example 5 tested compositions with a 
PTH concentration of 0.25 mg/ml and no mannitol (A 165). 
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B. The Prior Art 
1. Holthuis 

Holthuis (A71-78) teaches using a formulation containing human PTH at a 
concentration of 0.09 mg/ml to 2.27 mg/ml (A77, col. 6, lines 26-30 (e.g., the 
concentration (mg/ml) of 100 ug PTH in 1.1 ml is 0.1 mg + 1.1 ml = 0.09 mg/ml)); 
see also All 1; A244; A41; A45; A49; A51) for the treatment of bone-related 
disorders, such as osteoporosis (A76, col. 4, lines 28-30 ("[osteoporosis therapy 

entails administration of the reconstituted [PTH] preparation by injection ")). 

Holthuis also teaches the desirability of using certain pharmaceutically acceptable 
buffers, preferably citrate-based buffers (pH 3.5 to 7.5), particularly when the PTH 
preparation is administered directly after reconstitution. A76, col. 3, line 61 to 
col. 4, line 8; see also All, col. 6, lines 26-28 (teaching a buffer of pH 4 and 6). 

Holthuis describes PTH compositions (either freeze-dried or liquid) 
containing mannitol, including an "International Reference preparation" found in 
Martindale, The Extra Pharmacopoeia, The Pharmaceutical Press, London, 29 th 
edition, 1 989 ("Martindale 1989"). A75, col. 1, lines 44-64. Moreover, Holthuis 
specifically teaches that certain sugars, such as lactose and maltose, should be 
avoided and that polyol-type (sugar alcohol) is preferred, specifically mannitol, 
because, inter alia, "mannitol itself confers some stability to the PTH in solution." 
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A76, col. 3, lines 32-47; see also A76, col. 4, lines 17-19 ("Most preferably ... the 
excipient is 5% mannitol (w/v)"). 

Holthuis teaches using preservatives with the PTH composition if after 
reconstitution it is used for over several days. A77, col. 5, lines 52-56 ("[i]n the 
case-where a multi-dose vial is provided, a bacteriostatic agent should be 
incorporated, and the formulation remaining after administration of each dose can 
be refrigerated for subsequent use within a time frame of several days"). 

Importantly, Holthuis teaches a PTH formulation that is prepared in liquid 
form, freeze-dried (A71 (abstract); see also A75, col. 2, lines 27-32) and then 
reconstituted using either salt water (saline) (A75, col. 1 , lines 32-35 (" Most [PTH 
compositions] are prepared in water-based vehicles such as saline ....") 
(emphasis added); see also A75, col. 1, lines 53-54 ("a human PTH(l-38) 
preparation reconstituted into a saline vehicle")) or water (A75, col. 2, lines 33-44; 
A77, col. 5, lines 25-28 ("[t]he PTH preparations of the present invention are 
complete in the sense that the end-user need reconstitute the preparation solely in 
sterile water to generate an administrable formulation")). 

2. Endo 

Endo teaches the desired benefits of adding salt to human PTH 
compositions containing mannitol before freeze-drying. A79-83. Specifically, 
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Endo teaches that although mannitol is the "conventional stabilizing agent" used 
for PTH compositions (A80, col. 1, lines 20-23), this stabilizing effect was 
"unsatisfactory" (A80, col. 1, lines 22-24), and for that reason Endo discovered 
that "unexpectedly dramatically improved stability" was obtained by the addition 
of salt with mannitol (A80, col. 1, lines 29-34). As a result, Endo explains that 
"excellent heat stable [freeze-dried] preparations of PTH can be prepared using a 
combination of sugar and [salt] as stabilizing agents." A80, col. 1, lines 35-37. 

Importantly, Endo even warns against the addition of too much salt. A80, 
col. 2, lines 15-18 ("when the amount of sodium chloride [salt] exceeds 20% of 
the weight of sugar, a lyophilized cake of the preparation will suffer shrinkage and 
the stability tends to decrease"). Accordingly, Endo teaches that the amount of 
salt added is preferably from about 1/100 to 1/10 weight part per weight part of 
sugar (A80, col. 2, lines 18-21), e.g., Example 3 discloses a PTH composition 
containing 2 mg/ml salt and 20 mg/ml mannitol dissolved in water (A81, col. 3, 
lines 15-22). 

In particular, Endo teaches combining PTH, mannitol and salt with water, 
pharmaceutically acceptable buffers, and preservatives before freeze-drying (A80, 
col. 2, lines 23-35) and then using water to reconstitute for injection (A80, col. 2, 
lines 23-24). 
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C. The Board Decision 

The Board agreed with the Examiner that Holthuis and Endo teach human 
PTH compositions that may be prepared in liquid form, then freeze-dried and later 
reconstituted using salt water or water. A3-4; A41 . Specifically, Holthuis teaches 
a pharmaceutical formulation containing PTH (at a concentration of 0.09 mg/ml to 
2.27 mg/ml), buffer (pH 4 to 6), and mannitol. A3. The Board agreed that 
Holthuis teaches using a preservative, such as a bacteriostatic agent, particularly 
when the liquid formulation is refrigerated for subsequent use over several days 
(A3; A41), thereby teaching a liquid PTH formulation which is "stable" for several 
days (A6; A45). 

The Board also agreed with the Examiner that, motivated by the teachings 
of the references themselves, there are at least two ways one of ordinary skill 
would have been motivated to add salt to PTH compositions. A4-5;A41-42. One 
would have combined the freeze-dried PTH composition taught by Holthuis with 
salt water, which would yield the claimed "stable, liquid" pharmaceutical 
composition with a reasonable expectation of success, because Holthuis teaches 
that most PTH compositions are reconstituted using salt water. A4; A41-42. 
Alternatively, the Board agreed that one would have found it desirable to add salt 
to the freeze-dried PTH formulations of Holthuis with a reasonable expectation of 
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success because Endo teaches the desirability of adding salt, in the presence of 
mannitol, to further stabilize PTH. A4; A42. The Board also agreed that using 
water to reconstitute a freeze-dried PTH composition containing salt would yield a 
liquid pharmaceutical formulation with salt water as required by claim 1 . Id. 

The Board found Billger's arguments that the prior art "taught away" from 
adding salt to PTH compositions unpersuasive. A6-8. In considering Billger's 
evidence, the Board recognized the well-established rule that "[w]hen prior art 
contains apparently conflicting references, the Board must weigh each reference 
for its power to suggest solutions to an artisan of ordinary skill." A7 (citing In re 
Young, 927 F.2d 588, 591 (Fed. Cir. 1991)). 

First, the Board found that the two references (Holthuis and Endo) expressly 
teach the use of salt with PTH compositions. A3-5. As to the two references 
Billger relied on, the Board found they were not persuasive. A6-8. Specifically, 
the Board found that Billger's reliance on the outdated version of Martindale 
unhelpful. A6-7. Although Martindale 1989 suggested that salt should not be 
added to PTH compositions, its later-edition published in 1996, Martindale, The 
Extra Pharmacopoeia, The Pharmaceutical Press, London, 31 st edition, 1996 
("Martindale 1996") (ADD12-19), did not include the same language (A138). 
Given that Billger's application was filed in 2000 and claims priority to a PCT 



application filed in 1999, the Board found the 1996 version of Martindale more 
relevant. A6-7. 

As for Billger's reliance on Canadian Patent Application No. 2,234,724 
("'724 application") - which is just that, an application - the Examiner observed 
that the statements in the '724 application attempting to discredit Endo were 
unsupported and contradicted by the application itself. A51-52. Specifically, 
while the '724 application states that dimers may form in compositions containing 
PTH, sugar and salt (A85), the Examiner found no quantitative data in the 
specification and absolutely no teachings on the formation of dimers when the 
PTH preparation is stored over a few days, either in liquid or freeze-dried form 
(A52). Furthermore, rather than showing a loss of PTH, the closest example to the 
teachings of Endo found in the '724 application showed no loss of PTH over a 
period of 1 or 3 months. A96 (Example 7); A51-52. Moreover, the Board found 
that Endo taught the combination of salt and mannitol (as claimed by Billger), as 
opposed to the salt and sucrose composition purportedly tested in the '724 
application. A7-8. Based on this evidence, the Board found Billger's reliance on 
the '724 application to discredit Endo unpersuasive. Id. 

Finally, the Board rejected Billger's belated attempt after the final rejection 
to distinguish the prior art by adding the phrase "stable, liquid" to the claim. A5- 
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6. Specifically, the Board was unconvinced by Billger's argument that the 
teachings of Holthuis and Endo are limited to "stable" dried compositions, rather 
than the claimed "stable" liquid compositions. A5. The Board found that while 
Holthuis and Endo teach freeze-dried PTH compositions, each reference 
specifically teaches reconstitution of the freeze-dried preparations into liquid form 
before administration and "[t]hus, the combination clearly teaches a liquid 
pharmaceutical formulation." Id. The Board then focused on the definition of the 
claim term "stable." Id. During prosecution, claims are given their broadest 
reasonable interpretation consistent with the specification. A5-6 (citing In re 
Zletz, 893 F.2d 319, 321 (Fed. Cir. 1989)). The Board found that Billger's 
specification provides no explicit meaning or time period to define the term 
"stable" (A5-6; A44-45; A51), but discloses examples relating to the "stability" of 
PTH compositions starting at "zero" days (A5-6). Therefore, the Board reasoned 
that the term "stable" would encompass a composition two to three days after 
reconstitution (as taught by Holthuis). A5-6. Accordingly, the Board found that 
the prior art "combination does teach a stable, liquid pharmaceutical formulation 
having the recited components." A6. 
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IV. Summary of the Argument 
Besides the claim element requiring salt, it is undisputed that the prior art 
(Holthuis and Endo) teach PTH compositions containing every element of claim 1. 
However, the Board correctly found that each reference would have motivated one 
of ordinary skill to add salt to PTH compositions because: (i) Holthuis expressly 
teaches that salt water is commonly used to reconstitute freeze-dried PTH 
compositions; and (ii) Endo specifically teaches the desired benefits of adding salt 
to PTH compositions, particularly those taught by Holthuis. Thus, based on these 
teachings, one would have been motivated to add salt to PTH compositions, 
establishing a prima facie obviousness case. 

Moreover, following Young the Board carefully weighed Billger's evidence 
of "teaching away" and found such evidence unpersuasive after reviewing the 
entire record. Specifically, the Board found that Holthuis and Endo teach the 
addition of salt to PTH compositions. On the other hand, the Board found the 
outdated Martindale 1989 less relevant than the more contemporaneous 
Martindale 1996 (which is closer to Billger's filing date) and the '724 application 
contradicted by the data (or lack thereof) in the application itself which did not 
persuasively discredit Endo. 
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Finally, Billger's belated attempt to amend the claim to add the phrase 
"stable, liquid" to distinguish over the prior art is unavailing because the prior art 
teaches a "stable, liquid" composition when any of the following events occur: (i) 
salt water is added to Holthuis' freeze-dried compositions for reconstitution, as 
expressly instructed by the reference itself; (ii) salt is added to the liquid 
preparation of Holthuis' compositions before freeze-drying, as taught by Endo; or 
(iii) salt is added to Holthuis' compositions before freeze-drying, then freeze- 
dried, and later reconstituted using water, as taught by either Holthuis or Endo. 
Any of these situations would result in a "stable, liquid" PTH composition 
containing buffer, salt, mannitol, preservative, and water meeting the literal terms 
of claim 1 . 

Accordingly, Billger's selective citation from the prior art references, which 
when read in their entirety clearly disclose and motivate one to make the claimed 
composition, cannot overcome the substantial evidence supporting the Board's 
underlying factual findings leading to the conclusion of obviousness. 

V. Argument 

A. Standard of Review 

The ultimate issue of obviousness is a legal question based on underlying 
factual findings. See In re Gartside, 203 F.3d 1305, 1316 (Fed. Cir. 2000). What 
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the prior art teaches, including whether it teaches toward or away from the claimed 
invention, is a question of fact. Para-Ordnance Mfg. v. SGS Importers Int 'I, Inc., 
73 F.3d 1085, 1088 (Fed. Cir. 1995). Similarly, whether a person of ordinary skill 
in the art would have been motivated to combine references is a question of fact. 
Gartside, 203 F.3d at 1316. 

On appeal, the Board's factual findings are reviewed for substantial 
evidence. Gartside, 203 F.3d at 1315. Substantial evidence "is something less 
than the weight of the evidence but more than a mere scintilla of evidence," In re 
Kotzab, 217 F.3d 1365, 1369 (Fed. Cir. 2000) (citations omitted), and "means such 
relevant evidence as a reasonable mind might accept as adequate to support a 
conclusion," Consolidated Edison Co. v. NLRB, 305 U.S. 197, 229 (1938). As 
this Court recently stated, "where two different, inconsistent conclusions may 
reasonably be drawn from the evidence in record, an agency's decision to favor 
one conclusion over the other is the epitome of a decision that must be sustained 
upon review for substantial evidence." In reJolley, 308 F.3d 1317, 1329 (Fed. 
Cir. 2002). 

The proper interpretation of the claims is a question of law reviewed de 
novo on appeal. Cybor Corp. v. FAS Techs., Inc., 138 F.3d 1448, 1454 (Fed. Cir. 
1 998) (en banc). However, since claims during prosecution must be given their 
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"broadest reasonable interpretation," this Court reviews the USPTO's 
interpretation of disputed claim language to determine whether it is "reasonable in 
light of all the evidence before the Board." In re Morris, 127 F.3d 1048, 1055 
(Fed. Cir. 1997). 

B. The Board Properly Held That Claim 1 Would 
Have Been Obvious in View of Holthuis and Endo 

1. All the Elements of Claim 1 

are Taught by Holthuis and Endo 

Claim 1 recites a "stable, liquid pharmaceutical formulation" comprising: 

(i) PTH (at a concentration of 0.3 mg/ml to 10 mg/ml); (ii) buffer (pH 4 to 6); (iii) 

NaCl (salt); (iv) mannitol (sugar); (v) preservative; and (vi) water. Except for salt, 

it is undisputed that Holthuis and Endo teach a PTH composition containing all 

the elements of the claim. A158, lines 5-9; Br. at 7. For example, Holthuis 

teaches a PTH concentration of 0.09 mg/ml to 2.27 mg/ml (A77, col. 6, lines 26- 

30), 2 which overlaps with the claimed range. Further, Holthuis (A76, col. 3, line 

61 to col. 4, line 8; see also All, col. 6, lines 26-28) and Endo (A80, col. 2, lines 

23-35) teach using a pharmaceutically acceptable buffer of pH 4 to 6. Holthuis 



2 Billger has never disputed the Examiner's findings during prosecution that 
Holthuis teaches compositions containing PTH at a concentration of 0.09 mg/ml to 
2.27 mg/ml. A21 1; A244; A41; A45; A49; A51. 
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(A75, col. 1, lines 44-64; A76, col. 3, lines 32-47; see also A76, col. 4, lines 1 7- 

19) and Endo (A80, col. 1, lines 20-23) also teach PTH compositions containing 

mannitol. Additionally, Holthuis (A77, col. 5, lines 52-56) and Endo (A80, col. 2, 

lines 23-35) teach the use of preservatives. Holthuis (A77, col. 5, lines 25-28) 

and Endo (A80, col. 2, lines 23-24) also teach adding water to reconstitute freeze- 

dried PTH compositions for injection. 

2. Holthuis and Endo Each Teach 
Adding Salt to PTH Compositions 

To sustain an obviousness rejection based on a combination of prior art, 
there must be some teaching, suggestion, or motivation supporting the 
combination. In reRouffet, 149 F.3d 1350, 1355 (Fed. Cir. 1998). The suggestion 
or motivation to combine the references may flow from any one of three sources: 
(1) the teachings of the prior art; (2) the knowledge of one skilled in the art; or (3) 
the nature of the problem to be solved. SIBIA Neurosciences, Inc. v. Cadus 
Pharmaceutical Corp., 225 F.3d 1349, 1356 (Fed. Cir. 2000). 

As the Board correctly found, both Holthuis and Endo provide multiple 
reasons to motivate one of ordinary skill to add salt to PTH compositions. A3 -5. 
For example, Holthuis teaches that most freeze-dried PTH compositions are 
reconstituted using salt water . A75, col. 1, lines 32-35 (" Most [PTH 
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compositions] are prepared in water-based vehicles such as saline . . . .") 
(emphasis added) ; see also A75, col. 1, lines 53-54 ("a human PTH(l-38) 
preparation reconstituted into a saline vehicle ") (emphasis added). Moreover, 
Endo specifically teaches the desired benefits of adding salt to PTH compositions 
containing mannitol {i.e., the compositions taught by Holthuis) because by adding 
salt, "dramatically improved stability" for PTH compositions is obtained. A80, 
col. 1, lines 29-34. Following these teachings, the Board found that logically, one 
of ordinary skill would have found it desirable to add salt to a PTH composition. 
A4-5. 

Thus, this obviousness rejection is simple and straightforward. As the 
Examiner correctly observed, "the claims are drawn to a composition, not a 
method of making the composition" and therefore "[i]t does not alter the 
composition itself when and how the composition becomes liquid form." A47. 
Accordingly, one would be motivated to add salt to a PTH composition by either: 
(i) adding salt water to Holthuis' freeze-dried PTH compositions for 
reconstitution, as expressly instructed by the reference itself; (ii) adding salt to 
Holthuis' liquid compositions before freeze-drying, as taught by Endo; or (iii) 
adding salt to Holthuis' liquid compositions before freeze-drying, then freeze-dry, 
and later reconstitute using water, as taught by either Holthuis or Endo. The result 
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in each case is the claimed invention, i.e., a stable, liquid PTH formulation 
containing buffer, salt, mannitol, preservative, and water. 

Billger argues lack of motivation because the prior art does not teach or 
suggest reconstituting Holthuis' freeze-dried PTH compositions with salt water. 
Br. at 8 and 37; see also Br. at 42-43. Billger argues that Holthuis teaches that 
only water may be used to reconstitute freeze-dried PTH composition (Br. at 42- 
43), e.g., "the teaching in Holthuis that its preparation should be reconstituted with 
sterile water." Br. at 42 (emphasis added). However, "a prior art reference is 
relevant for all that it teaches to those of ordinary skill in the art," In re Fritch, 972 
F.2d 1260, 1264 (Fed. Cir. 1992), and "is not limited to its specific embodiments," 
In re Bode, 550 F.2d 656, 661 (CCPA 1977) (citations omitted); see also Young, 
927 F.2d at 591 ("Patents are part of the literature of the art and are relevant for all 
they contain."). As the Board found, the teachings of the prior art suggest and 
even recommend the addition of salt water (or salt) to PTH compositions, e.g., 
Holthuis expressly states that salt water is commonly used to reconstitute freeze- 
dried PTH compositions. A75, col. 1, lines 32-35. Accordingly, Holthuis' express 
teaching that most PTH compositions are reconstituted by adding salt water (A75, 
col. 1, lines 32-35), even directing the reader to a specific example of "a human 
PTH(l-38) preparation reconstituted into a saline vehicle" (A75, col. 1, lines 53- 
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54), cannot be disregarded. This alone provides ample motivation for one of 
ordinary skill to add salt water to PTH compositions, including those taught by 
Holthuis. 

Alternatively, Billger argues that motivation is not found because Endo 
provides "no" or does not provide "any" expectation of success to achieve "a 
stable, liquid PTH formulation comprising sodium chloride." Br. at 43-45 
(emphasis added). However, an obviousness rejection requires only a reasonable 
expectation of success. See In re O'Farrell, 853 F.2d 894, 903-904 (Fed. Cir. 
1988). Furthermore, Billger's attempt to attack Endo alone is inappropriate 
because this is an obviousness rejection. See In re Merck & Co., 800 F.2d 1091, 
1097 (Fed. Cir. 1986). Endo is not the sole reference relied upon for teaching a 
"stable, liquid" PTH composition, rather the rejection is based on Holthuis and 
Endo. Regardless, those of skill in the art had already achieved a "stable, liquid" 
PTH composition containing salt. A75, col. 1, lines 53-54 ("a human PTH(l-38) 
preparation reconstituted into a saline vehicle (see Hodsman . . . )"). Thus, 
Billger's arguments fail to rebut this prima facie obviousness case. 
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a. The Prior Art Does Not "Teach Away" From 
the Addition of Salt to PTH Compositions 

Billger argues that Martindale 1989, which states that "[s]odium chloride 
solutions should not be used as they often cause precipitation" (A 122), "teaches 
away" from the claimed invention (Br. at 26-27). However, the Board found this 
outdated version of the reference less relevant than Martindale 1996 (given 
Billger's filing date of 1999/2000); Martindale 1996 does not include the language 
relied upon by Billger. A6-7; Al 38. 

In addition, the Board found that Endo contradicts Martindale 1989 by 
teaching that adding salt to PTH compositions containing mannitol is beneficial. 
Id. Specifically, Endo teaches freeze-dried compositions containing PTH, buffer, 
salt, mannitol, and preservative (A80, col. 2, lines 23-35), and that water may be 
used to reconstitute freeze-dried PTH compositions for injection (A80, col. 2, lines 
23-24). The addition of water would result in salt water, thus meeting the 
limitations of claim 1 . 

Furthermore, the Board agreed with the Examiner that Holthuis advocates 
reconstituting PTH compositions using salt water. A4; A50. Similarly, another 
prior art reference, Piazza et al. ("Piazza"), Canadian Application 2,230,929, 
submitted by Billger during prosecution shows that saline is a commonly used 
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carrier for PTH compositions. A219; A322-443. Piazza discloses that 
"[fjormulations for parenteral administration may contain as excipients sterile 
water or saline . . ." A350, lines 14-34 (emphasis added). 3 Billger's specification 
acknowledges the Examiner's finding that whether salt would cause precipitation 
depends on the amount of salt added which could be readily determined by an 
artisan, i.e., because claim 1 has no limitation on the salt concentration, an artisan 
could choose to add very little salt and fall within the limitations of the claim. 
A157, lines 1-4; A162, lines 26-27; A48-49. Accordingly, the Board correctly 
determined that the outdated Martindale 1989 was less relevant than the more 
contemporaneous Martindale 1996 after weighing the teachings of the references. 
A6-7. 

Billger also argues that Holthuis' cite to Martindale 1989 supports their 
"teaching away" argument (Br. at 8); however, as the Examiner observed, Holthuis 
also teaches, in the same paragraph as the cite to Martindale 1989, that most 
freeze-dried PTH compositions are reconstituted using saline and provides a 
specific example, the Hodsman reference (A50). Hodsman teaches reconstituting 
a human PTH preparation using saline. A50. Moreover, as the Examiner 

3 It is appropriate for the Court to look to this reference for guidance. See In re 
Huston, 308 F.3d 1267, 1280-81 (Fed. Cir. 2002). 
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explained, Holthuis was clearly citing Martindale 1989 in its discussion of 
reviewing various PTH formulations. Id. It would seem nonsensical for Holthuis 
to expressly discuss the common usage of salt water, yet contradict this statement 
with a passing reference to Martindale 1989. 

Furthermore, Billger's speculation that the changes from Martindale 1989 to 
Martindale 1996 "appears" to be merely "wholesale editorial revisions" (Br. at 29- 
30) or "merely editorial" (Br. at 31), is simply attorney argument that cannot take 
the place of evidence. See In re Pearson, 494 F.2d 1399, 1405 (CCPA 1974). In 
fact, Billger's arguments are based on incorrect factual findings, e.g., Billger 
argues that "information omitted from Martindale 1996, such as the usefulness of 
PTH in the treatment of osteoporosis, clearly was not invalid or obsolete at the 
time." Br. at 3 1. To the contrary, Martindale 1996 expressly discusses the use of 
PTH for the treatment of osteoporosis under the "Treatment" section of 
"Osteoporosis." ADD 16- 17. Moreover, the preface in both Martindale 1989 and 
1996 specifically tells the reader that Martindale provides information on the 
adverse effects of pharamceutical preparations. See ADD5 and ADD 15 (under 
"Pharmacological and Therapeutic Information," information on the adverse 
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effects and precautions is provided by concise statements). 4 Hence, if the addition 
of salt to PTH compositions were indeed as adverse as Billger contends, then 
surely Martindale 1996 would have contained some sort of warning language. 

Finally, Billger complains that Martindale 1996 was cited for the first time 
in the Board decision (Br. at 26 and 31); however, Billger fails to point out that 
Martindale 1989 was not submitted until after the final rejection (A274) and 
shortly before Billger filed a notice of appeal to the Board (A290-91). Thus, the 
Board appropriately relied on Martindale 1996 in response to Billger's after-final 
submission. Moreover, if Billger wanted the Board to consider new points with 
respect to Martindale 1 996, a request for reconsideration was available. In 
arguing that the '724 application "teaches away" from the claimed invention, 
Billger fails to cite this Court's decision in Young, 927 F.2d 588, cited by the 
Board which expressly rejected the same arguments now asserted by Billger. A7. 
Essentially, Young holds that "[w]hen prior art contains apparently conflicting 
references, the Board must weigh each reference for its power to suggest solutions 

4 Billger also refers to Martindale, The Extra Pharmacopeia, The Pharmaceutical 
Press, London, 30* edition, 1993 ("Martindale 1993"). Br. at 29-32; ADD6-1 1 . 
The Preface of this edition also contains the same language concerning warnings 
about adverse effects and precautions. ADD9. Importantly, like Martindale 1996, 
this edition does not contain any warning about using salt with PTH compositions. 
ADD11. 
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to an artisan of ordinary skill." Young, 927 F.2d at 591 . The facts in Young are 
analogous to the facts here. In Young, the applicant argued that the Knudsen 
reference "taught away" from the prior art Carlisle patent because Knudsen 
"expressly discredits" Carlisle. Id. at 590-91. However, the Board found that 
Knudsen did not convincingly discredit Carlisle due to Knudsen' s failure to 
duplicate the teachings of Carlisle, and thus, Young's evidence of "teaching away" 
was unpersuasive. Id. at 591-92. Here, Billger argues that the '724 application 
expressly discredits the teachings of Endo. Br. at 18. However, as discussed, 
similar to Young, the Board found the statements in the '724 application 
unpersuasive because the application failed to follow the teachings of Endo in its 
attempts to discredit Endo. A7-8. 

Specifically, Endo encourages the addition of mannitol and salt to PTH 
compositions, as required by claim 1, and not the PTH composition containing 
sucrose and salt tested for "stability" in the '724 application. Id. Moreover, the 
Board's reasoning is further supported by the Examiner who, after "careful 
examination," found statements in the '724 application attempting to discredit 
Endo unsupported and contradicted by the application itself. A51-52. 
Specifically, while the '724 application states that dimers form in compositions 
containing PTH, sugar and salt (A85), the Examiner found no quantitative data in 
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the specification supporting this statement and absolutely no teachings on the 
formation of dimers when the PTH preparation is stored over a few days, either in 
liquid or freeze-dried form (A52). Furthermore, Example 7 (A92) (summarized in 
the Table (A96)) - the closest example to the teachings of Endo - shows no loss of 
PTH over a period of 1 or 3 months. A51-52. 

In both Young and in this case, the Board established that the claimed 
inventions were expressly found in the prior art and after weighing the evidence of 
"teaching away," found such evidence unpersuasive to rebut a prima facie 
obviousness case. Young at 591-92; A7-8. This Court in Young affirmed the 
Board's decision {Young at 592) because, as here, the Board gave careful 
consideration to the evidence relied upon by the applicant and provided reasoning 
why the evidence was unpersuasive (A7-8). Because the Board's factual finding 
in this case are supported by substantial evidence, the result should be the same as 
that in Young. 

b. Billger's Attempts to Individually Attack Endo are 
Unavailing Because Endo Provides the Basis for an 
Obviousness Rejection 

Billger argues that Endo is limited to stabilizing freeze-dried PTH 

compositions, and therefore fails to teach that salt could be used to stabilize liquid 

PTH compositions. Br. at 34-40. However, the rejection of the claim is based on 
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section 103 obviousness in view of Holthuis and Endo, not section 102 
anticipation. A9. Accordingly, "[n]on-obviousness cannot be established by 
attacking references individually where the rejection is based upon the teachings 
of a combination of references." Merck, 800 F.2d at 1097. In any case, the Board 
directly addressed and rejected the same arguments that Billger now makes on 
appeal. A5-6. Specifically, the Board found that while Holthuis and Endo teach 
freeze-dried PTH compositions, each reference specifically teaches reconstitution 
of the compositions in liquid before administration, thus, "the combination does 
teach a stable, liquid pharmaceutical formulation having the recited components." 
Id. 

For example, Holthuis alone teaches the claimed invention by expressly 
teaching that salt water is commonly used to reconstitute freeze-dried PTH 
compositions. A75, col. 1, lines 32-35; see also A75, col. 1, lines 53-54. 
Moreover, Endo complements Holthuis in teaching the claimed invention because 
Endo specifically educates one of ordinary skill that adding salt to the 
compositions taught by Holthuis (A80, col. 1, lines 29-34) is beneficial. Endo 
even instructs one of skill to use the same ingredients as the PTH compositions 
taught by Holthuis. Specifically, Endo teaches that water or salt water, buffers, 
and preservatives may be added to compositions containing PTH, mannitol, and 
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salt for subsequent freeze-drying. A80, col. 2, lines 23-35. Endo teaches that 
water can then be used to reconstitute the freeze-dried PTH compositions for 
injection. A80, col. 2, lines 23-24. Therefore, as taught by the prior art, either 
when the PTH composition is prepared in liquid form before freeze-drying, or 
after the composition is freeze-dried and then reconstituted, such a liquid PTH 
composition would clearly fall within the limitations of claim 1. 

Billger also mischaracterizes the references, arguing that Holthuis and Endo 
"recogniz[ed] the difficulty in preparing stable, liquid formulations of PTH" and . 
therefore the references "focused on creating stable, lyophilized PTH 
formulations." Br. at 6. No such statement or inference is found in either Holthuis 
or Endo, and Billger provides no citation to either reference for support. 
Moreover, as noted by the Examiner, it is surprising that Billger's specification 
fails to even acknowledge that it was unexpected that Billger's claimed 
composition, containing both salt and PTH, lacked the undesirable traits 
supposedly predicted to occur with such a combination. A45. It was not until 
after the final rejection that Billger amended claim 1 to add the "stable, liquid" 
limitation in response to the prior art rejections. A44; A268-69. 
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c. The Addition of the Term "Stable" in the 

Preamble Does Not Distinguish the Prior Art 

Billger added the term "stable" in the preamble 5 after the final rejection in 

an attempt to distinguish over the prior art. 6 A44; A268-272. During patent 

examination, claims are given their broadest reasonable interpretation consistent 

with the specification. See, e.g., In re Hyatt, 21 1 F.3d 1367, 1372 (Fed. Cir. 

2000); In re Graves, 69 F.3d 1 147, 1 152 (Fed. Cir. 1995); see also Morris, 127 

F.3d at 1055. As this Court explained, "claims are given their broadest reasonable 

interpretation during examination proceedings, for the simple reason that before a 

patent is granted the claims are readily amended as part of the examination 

process." Burlington Indus, v. Quigg, 822 F.2d 1581, 1583 (Fed. Cir. 1987). The 

starting point for claim interpretation is the plain language of the claims. See 

Vitronics Corp. v. Conceptronic, Inc., 90 F.3d 1576, 1582 (Fed. Cir. 1996). 



5 We note that Billger and the Board did not raise the issue that the term "stable" 
was added to the preamble and that there is no language corresponding to "stable" 
in the body of the claim. Although not all preamble terms are limitations, even if 
"stable" is a limitation, this term does not distinguish the prior art here. 

6 We observe that this case is analogous to when an applicant attempts to patent 
the discovery of an allegedly new property of a known composition. Titanium 
Metals Corp. v. Banner, 778 F.2d 775, 782 (Fed. Cir. 1985); In re Spada, 91 1 F.2d 
705, 708 (Fed. Cir. 1990); In re Crish, 393 F.3d 1253, 1258 (Fed. Cir. 2004). The 
term "stable" simply sets forth "a property inherent in, an otherwise old 
composition" and does not "differentiate the claimed composition from those 
known to the prior art." Pearson, 494 F.2d at 1403. 



28 



The claim contains no time limitation associated with the word "stable" 
(A67; A51), nor is the term "stable" expressly defined in the specification (A5-6; 
A44-45; A5 1). The Board observed that although Billger's specification shows 
examples of "stability" testing of PTH compositions starting at month "zero" (A5- 
6), no minimum time is specified for determining stability. Billger's own 
explanation of the term "stable" also failed to provide a time limitation. 
Specifically, as Billger explained in its reply brief to the Board, the "skilled person 
would readily understand 'stable,' in the context of a therapeutic formulation, to 
mean that the environment of the protein or drug, prevents the protein or drug 
from, for example, precipitating, degrading, or losing activity." A64. Put more 
simply, does "stable" mean 1 hour, 1 day, 1 week, or even 1 month? Or put 
another way, if this claim issued as a patent, how long would a PTH composition 
have to be "stable" to infringe? Logically, the Board found that "stable" 
compositions would encompass a liquid composition stored for over several days, 
as taught by Holthuis. A5-6. 

Without directly challenging this claim interpretation, Billger appears to 
argue that the composition must remain "stable" for weeks, even months. See, 
e.g., Br. at 6 (alleging, without analysis, that "a commercial embodiment of the 
invention, a stable, liquid PTH formulation is provided from which multiple doses 
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can be self-administered over a period of 1 to 2 weeks"). Billger's evidence that 
the claimed composition is "stable" in order to distinguish over the prior art is 
unconvincing given there is no "stability" data concerning the claimed 
composition found in the specification. As discussed, every example set forth in 
the specification is missing at least one claim element. See Al 63-72. Moreover, 
there seems little doubt that if a party were to either prepare a PTH composition as 
a liquid for subsequent freeze-drying, or reconstitute a freeze-dried PTH 
composition for use that same day, Billger would argue that such a liquid 
composition infringes the limitations of claim 1. 

Billger also argues that Endo and Holthuis do not discuss the stability of 
liquid PTH compositions (Br. at 8); however, not only does Holthuis teach that 
"mannitol itself confers some stability to the PTH in solution (A76, col. 3, lines 
46-47 (emphasis added)), but Billger never provided any evidence that the 
compositions disclosed in Endo and Holthuis are not "stable" as defined by the 
Board. Attorney argument cannot take the place of evidence, Pearson, 494 F.2d at 
1405, especially "when the prior art evidence reasonably allows the PTO to 
conclude that a claimed feature is present in the prior art, the evidence 'compels 
such a conclusion if the applicant produces no evidence or argument to rebut it.'" 
Crish, 393 F.3d at 1259-60 (citing Spada, 91 1 F.2d at 708, n.3). Moreover, since 
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neither Endo nor Holthuis indicates that its PTH compositions are not "stable," 
there is no reason to believe that one of ordinary skill would conclude that those 
compositions are not stable. 

Because the prior art teaches the stability of the claimed composition for 
multi-dose usage over several days, the Board's interpretation of the claim term 
"stable" was reasonable, particularly because Billger has never expressly disputed 
the Board's claim interpretation, the claim provides no time limitation, and the 
sparse data found in Billger' s specification fails to show that the claimed 
composition is "stable" to the degree desired by Billger. 
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VI. Conclusion 

"Stable, liquid" PTH compositions containing salt were well known in the 
art. Thus, substantial evidence supports the Board's findings underlying the 
conclusion that the rejected claims would have been obvious under 35 U.S.C. 
§103. Therefore, this Court should affirm that decision. 
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Preface 



Over the last 110 years the Extra Pharmacopoeia has developed through 
30 editions from William Martindales small pocketbook to this large vol- 
ume. While the format has changed, the aim of what is now often known 
just as Martindale remains one of providing practising pharmacists and 
physicians with concise unbiased information on the substances used in 
medicine and pharmacy. 

Successive early editions produced by William Martindale established 
the Extra Pharmacopoeia as a valuable and authoritative source of drug 
information. The book retained its clinical emphasis through the contri- 
butions of W. Wynn Westcon and its chemical and analytical content was 
developed especially under the editorship of Martindale 's son, William 
Harrison Martindale. The Extra Pharmacopoeia continued to evolve after 
W.H. Martindale *s death until the 25th edition, when it was subjected to 
a radical reshaping that increased its international coverage, removed the 
chemical and analytical data, and brought the book back to its early phar- 
maceutical and clinical roots. 

That 25th edition provided a base from which the following 4 editions 
of Martindale evolved. However, with this 30th edition Martindale has 
been markedly changed yet again in order to meet the requirements of to- 
day's readership. These changes include a massive increase in informa- 
tion on proprietary medicines, a significant shift to a more clinical 
emphasis, an increase in the number of referenced reviews, and a short- 
ening of the usual period between editions. 

As with previous editions the monographs for all the drugs and sub- 
stances in Martindale have been completely revised. In all there are 5132 
monographs describing individual compounds or groups of related com- 
pounds. About 280 monographs were deleted from the last edition and 
about 620 have been added. The majority of the monographs have been 
grouped into 69 chapters that reflect the compounds' clinical or pharma- 
ceutical use; this forms Part 1 of Martindale. Part 2 contains 832 mono- 
graphs on drugs that do not readily fit into the chapters of Pan 1, on some 
drugs under investigation, and on nondnig substances of interest to phar- 
macy and medicine. 

The most obvious consequence of the changes that have been made for 
this edition is the increase in Martindale 's size. This edition is 467 pages 
bigger than its predecessor and all of that increase is due to the enlarged 
and improved international coverage of proprietary medicines. Mattin- 
dale is widely used to identify proprietary preparations. In the last edition 
a stan was made to cover preparations containing more than one active 
ingredient and their proprietary names were listed under each monograph 
describing the relevant active ingredient. For this edition the coverage of 
mixed preparations has been widened and the information on each prep- 
aration has been presented in such a way that a reader can see at a glance 
what each contains. Lists of proprietary names still follow each mono- 
graph but details of each preparation are now included in a new Pan 3 
which extends to 481 pages and describes 46 000 preparations or groups 
of preparations from 14 countries including the UK and other European 
countries, North America, Australia, and South Africa; some preparations 
from Japan are also included. In addition Pan 3 contains entries for offi- 
cial preparations from the UK and USA. For the proprietary preparations 
each entry provides the proprietary name, the manufacturer or distributor, 
the active ingredients, and a summary of that preparation's indications. 
Ine quantity of each active ingredient has not been included and dosage 
forms are only mentioned if different forms have the same proprietary 
name but different active ingredients. The inclusion of such information 
would have increased the number of entries inordinately. Also as Part 3 is 
mtended to be used to identify preparations, usually from another country, 
such details would not necessarily be required for. if an alternative do- 
mestic preparation had to be supplied, the dose should be anpmnriare for 
inat preparation and that patient. 

Another development in this edition of Martindale is its increased clin- 
ical emphasis. Martindale is still a book of drug monographs but where 



possible the overall drug treatment of a particular condition has bee 
drawn together and presented in one major referenced review or discu 
sion. For example, the different treatments of migraine are reviewed c 
page 412 and cross-references to that review have been included in tr 
monographs for the drugs discussed. This is something that will be deve 
oped in future editions. 

The inclusion of references from major journals and other publicatior 
has been a feature of Martindale since its first edition. Useful data hi 
been extracted from those publications and presented as individual at 
stracts. For some important topics in the 29th edition referenced review 
replaced what would normally have been series of individual abstract; 
That practice has been considerably extended for this edition and wha 
ever possible balanced reviews of the main publications have been wri 
ten for the different topics described under each monograph. In all thei 
are 1 1 300 reviews and abstracts and the total number of citations i 
28 400. 

A reference book like Martindale requires a comprehensive index. Th 
index for this edition has been made up from 153 500 entries. It lists ever 
drug name, synonym, code, chemical name, and preparation name or title 
Where a substance is listed as an ingredient of one or more preparation 
in Part 3, the index entry for that substance is followed by a list of all it 
preparations. Diseases and conditions requiring treatment have also bee 
indexed with page references to the major drugs used or to where treai 
ment has been reviewed in detail. To help the reader locate the indexes 
information each index entry contains the relevant column number a 
well as the page number. The importance attached to the index is reflects 
in it occupying about one-sixth of the total number of pages of this edi 
tion. 

The general plan since the 25th edition has been to produce a new an* 
completely revised edition of Martindale about every 5 years. Sometime 
the interval between editions has been longer, but not until this edition ha 
that interval been reduced significantly. Thanks to the experience of th< 
editorial staff and to modem technology this much enlarged 30th editioi 
is published just over 4 years after the 29th edition to help satisfy the nee< 
for up-to-date information. 

Martindale is based on published information. It is not a book of stand 
ards. Inclusion of a substance or a preparation is not to be considered a 
a recommendation for use, nor does it confer any status on the substance 
or preparation. Many of the monographs in Martindale are a page or mon 
in length. Summaries have therefore been added to such monographs t< 
provide readers with a brief overview. The inclusion of a summary doe! 
not mean that the drug being described is more important or more effec- 
tive than one without a summary; all it means is that more words were re 
quired to describe its actions and uses. While considerable efforts hav« 
been made to check the material in Martindale, the publisher cannot ac- 
cept any responsibility for errors and omissions. Also the reader is as- 
sumed to possess the necessary knowledge to interpret the informatior 
that Martindale provides. 



Arrangement 

Part 1 (pages 1-1327) contains 4300 monographs arranged in 69 chap- 
ters. These chapters generally bring together monographs on drugs anc 
groups of drugs that have similar uses or actions. Cross-references an 
used to guide the reader to drugs that may be of interest in related chap- 
ters. Most chapters have an introduction which provides background in- 
formation on that group of drugs. Some drugs such as the corticosteroids 
can be considered readily as a group with its members having many com- 
mon actions; in such cases the introduction provides much of the infor- 
maiion for lha; chapter. Li chapters such as Antibacterial Agents oi 
Antineoplastic Agents and Immunosuppressants the treatment of infec- 
tions or malignant diseases, respectively, is discussed in detail in the in- 
troduction and information on the choice of drug(s) is given there. 
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xiv Preface 
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have been examined for this 30th edition. 

Ttxt abbreviations for these pharmacopoeias are included in the hsi of 
ab^vSs used in Martindale. see page xvi which also includes deuuls 
of the edition and/or supplement(s) consulted. 



Nomenclature 

an identity number in brackets ^ lcn c d in our computer 

preferencebeing givento British Approved Names^um horUies 
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Pharmacopoeias 
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Atomic and Molecular Weights 

of decimals or to four significant figures for relative weign 
100. 

Pharmaceutical Information 

Discrepancies in properties as described in the B.P. and U*.r. arc 

Percentage Strengths. Unless otherwise stated, f 1 ^ 0 "^^ 
ESS expressed as percentage w/v. of liquids in liquids as percentage 
v/v and of gases in liquids as percentage w/w. 

9n,' iibiljty Hie figures given for solubility in each monograph have gen- 

bility ranges: 
solubility 

very soluble I in less than I 

freely soluble I in I to 1 in 10 

soluble I in 10 to 1 in 30 

sparingly soluble 1 in 30 to I in 100 

slightly soluble 1 in 100 to I in 1000 

very sightly soluble Un 1000 to 1 in 10000 

practically insoluble l in more than 10000 _ 

S^Substancesandpre^ 

chould be stored in alkali-free containers. 

Temperatures are expressed in degrees Celsius (cent,- 
grade) unless otherwise indicated. 



Pharmacological and Therapeutic Information 

formation on the adve^Jec. JJ^SS; 
lions, absorption and fate, and ^«g™ n " ^ elaborat ed and ex- 

Sedition contains about ,1 
m atio„inaneverw,denm^ 

~ information on a 

rare effect or action may be useful to the reader. Hcalth0r . 

Much information has been ^*Z£%$^J^% 
^^STSp literature has been 
JonsidSin flight of other available information. 

risks of administering drugs in pregnancy are well known and the 
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general principle is to give a drug only when the benefit to the individual 
mother outweighs the risk to the foetus. Where there is a clear risk it is 
noted under the Precautions or Adverse Effects heading but safety should 
not be inferred from the absence of a statement for any drug. 

Interactions are described under the Precautions heading with detailed 
information being provided in the monograph for the drug that is being 
affected. 

Doses 

Doses are described under the Uses and Administration heading with as 
much detail as is necessary and available. Unless otherwise stated the 
doses represent the average range of quantities which are generally re- 
garded as suitable for adults when administered by mouth. More informa- 
tion on doses and drug administration may be given in the abstracts or 
reviews. Unless otherwise specified, glucose injection is 5% w/v, sodium 
chloride injection is 0.9% w/v, and water is purified water. 

When doses for children are expressed as a range of quantities within 
specified age limits, the lower dose applies at the lower age and the higher 
dose at the higher age. 
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iere was a potent renal mechanism not inhibited by pa- 
lidronate. These results were confirmed by others. ,u3 
lalston ex a!. 12 speculated that the treatment of choice in 
atients responding incompletely to pamidronate would be 
nhibitons of renal parathyroid hormone (PTH) receptors 
nd until these are available calcitonin might be worth 
rying. Since the onset of action of pamidronate is often 
lelayed for 24 to 48 hours combined therapy with pamid- 
onate and salcatonin has been used and is considered by 
jome workers to be the treatment of choice in severe hy- 
jercalcaemia where a rapid but sustained effect is de- 
iired.' 3 - 2 ' In a preliminary study in 5 patients 
jamidronate in association with plicamycin was found to 
x rapidly effective against severe hypercalcaemia of ma- 
lignancy resistant to therapy with corticosteroids plus cal- 
ritonin or calcitonin, corticosteroids, or pamidronate 
alone. 

Three bisphosphonates were compared in the treatment ot 
cancer-associated hypercalcaemia 1 s and pamidronate was 
considered to be the treatment of choice. Single intrave- 
nous infusions of pamidronate 30 mg or clodronate 
600 mg or etidronate 7.5 mg per kg body-weight daily by 
infusion for 3 consecutive days all reduced scrum-calcium 
concentrations from those achieved by rehydration, but 
onset of effect was most rapid, more profound 6 days af- 
ter treatment, and longer in duration with pamidronate. 
However. Kanis et a/.' 6 commented thai clodronate in the 
recommended dose of 1500 mg over 5 days was as effec- 
tive as pamidronate in most hypercalcaemic patients; Ral- 
ston ex atP still preferred to use a single intravenous 
infusion of pamidronate. 

Hypercalcaemia not related to malignancy has also re- 
sponded to pamidronate and there have been individual 
reports of its successful use in patients with hypercalcae- 
mia due to sarcoidosis. 18 thyrotoxicosis, 19 and immobilisa- 

"l^Tniebaud D. et at. Oral versus intravenous AHP3P <APD) 
in ihe treatment of hypercalcemia of malignancy- Bone 
1986: 7: 247-53. 
*> Steeboom HP. et at. Comparison of iniravenous (3-ammo- 
|. hydroxy propylideneM. I -bisphosphonale and volume re- 
pletion in lumour-induced hypercalcaemia. Lancet 1983: u: 
1 39-4 3 

3 Ralston SH. ft at. Comparison of aminohydroaypropyli- 
dene diphosphonaie. miihramycin. and comcosteroids/caJci- 
lomn in treatment of cancer-associated hypercalcaemia. 
Lancet 1985: II: 907-10. 

4 Cantwell BMJ. Harris AL. Effect of single high dose infu- 
sions of aminohydroxypropylidene <"P^ S I*™* ™ £T 
percalcaemia caused by cancer. Br Med J 1987; 294: 467- 
9. 

5. Morton AR. et at. Single dose versus daily intravenous 
aminohydroxypropylidene biphosphonat e << ^PDlforihe hy- 
percalcaemia of malignancy. Br Med J 1988: 296: 811-14. 

6 Ralston SH. Boyle IT. Treatment of hypercalcaemia of ma- 
lignancy. Br Med J 1988: 296: 1468. 

7 Judson I. et at. Chronic high-dose pamidronaw in refracto- 
ry malignant hypercalcaemia. Lancet 1990: 335: 80-. 

8 Davis JRE. Heath DA. Comparison of different dose re- 
gimes of aminohydroxypropylidene- 1.1 -bisphosphonale 
(APD) in hypercalcaemia of malignancy. Br J Clin Mar- 
macot 1989: 28: 269-74. 

9. Kanis J A. et at. Effects of diphosphonates in hypercalcae- 
mia due to neoplasia. Lancet 1986: i: 615-16. 

10 Gurney H. et at. Renal phosphate threshold and response 
to pamidronate in humoral hypercalcaemia of malignancy. 
Lancet 1989; il: 241-4. 

11. Bee* L. et at. Pamidronate and hypercalcaemia of malig- 
nancy. Lancet 1989: ii: 617. 

12 Ralston SH. et at. Pamidronate and hypercalcaemia of ma- 
lignancy. Lancet 1989: ii: 617-18. 

13. Ralston SH. et at. Treatment of cancer associated hyper- 
calcaemia with combined aminohydroxypropylidene di- 
phosphonaie and calcitonin. Br Med J 1986. 292: 1549- 
50. 

14 Ralston SH. et at. Treatment of severe hypercalcaemia 
with miihramycin and aminohydroxypropylidene bisphos- 
phonale. Lancet 1988: H: 277. 

15. Ralston SH. et at. Comparison of three intravenous bi- 
sphosphonaies in cancer-associated hypercalcaemia. Lancet 
1989: U: 1180-2. 

16. Kanis JA. et at. Use of diphosphonates in hypercalcaemia 
due to malignancy. Lancet 1990: 335: 170-1. 

17. Ralston SH. et at. Use of bisphosphonates in hypercalcae- 
mia due to malignancy. Lancet 1990: 335: 737. 

18. Gibbs CJ. Peacock M. Hypercalcaemia due to sarcoidosis 
corrects with bisphosphonale treatment. Pov^r ad Med J 
1986; 62: 937-8. 

19. Tan TT. et at. Treatment of hypercalcaemia in thyrotoxico- 
sis with aminohydroxypropylidene diphosphonaie. Postgrad 
Med J 1988: 64: 224-7. 

20. Gallacher SJ. et at. Immobilization-related hypercalcae- 
mia— a possible novel mechanism and response to pamid- 
ronaie. Postgrad Med J 1990: 66: 918-22. 

21. Thi*baud D. et at. Fast and effective treatment of malig- 
nant hypercalcemia: combination of suppositories of calci- 
tonin and a single infusion of 3-amino I- 
hydroxypropylidene- 1 -bisphosphonale. Arch Intern Med 
1990; 150: 2125-8. 

Osteoporosis. For a brief description of osteoporosis and 
iti treatment, see p.654. 

Results of a placebo-controlled study 1 involving 35 pa- 



tients indicated that pamidronate 150mg daily by mouth 
for 1 year together with a daily calcium supplement of 
1 g arrested the loss of bone mass in patients on long- 
term glucocorticoid therapy when compared with controls 
who only received calcium. Apart from nausea, pamidro- 
nate was well-tolerated; there was no evidence of osteo- 
malacia. Continuation of the study for a funheT year in 
13 patients (5 receiving pamidronate: 8 on placebo 1 sug- 
gested that pamidronate has a sustained beneficial effect 
in steroid osteoporosis. 

1 Reid IR. et at. Prevention of steroid-induced osteoporosis 
with (3-amino- 1 -hydroxypropylidene)- 1.1 -bisphosphonale 
(APDl. Lancet 1988: I: 143-6. 



2. Reid IR. et at. Two-year follow-up of biphospnonate (APD) 
" treatment in steroid osteoporosis. Lancet 1988: it: 1144. 
Paget *s disease of bone. For a brief description of 
Paget "s disease of bone and its treatment, see p.654. 
Disodium pamidronate has been administered orally or in- 
travenously. In an uncontrolled study patients with Paget's 
disease generally responded to treatment with pamidronate 
given by mouth in an average daily dose of 500 mg 
(range 300 to 800 mg) for minimum periods of 4 to 9 
months. 1 Gastric intolerance was not a problem, possibly 
because the tablets were enteric -coated. 
Others have preferred to use the intravenous route to 
eliminate problems of variable absorption, poor bioavaila- 
bility, and gastro-intestinal side-effects. In a preliminary 
open study involving 20 patients with severe symptomatic 
Paget's disease. Cantrill et air gave pamidronate by intra- 
venous infusion in a dose of 15 mg daily for five consec- 
utive days or weekly for 12 weeks. Both regimens were 
generally successful and well-tolerated. Harinck et air 
compared oral and intravenous treatment regimens in 142 
patients with active Paget's disease and found no differ- 
ence in the long term between pamidronate 600 mg daily 
by mouth continued for 6 months after serum -alkaline 
phosphatase activity was back to normal or until unnary 
hydroxyproline excretion was back to normal or pamidro- 
nate 20 mg daily by intravenous infusion for 10 days. 
They considered the intravenous regimen would be pref- 
erable in most patients. Daily intravenous infusions might 
be impractical and Anderson and Cantrill 4 developed a 
weekly or fortnightly intravenous infusion regimen which 
they claimed was successful. The regimen starts with a 
single intravenous infusion of pamidronate 30 mg in 
250 mL of saline over 2 hours followed after one week 
by 60 mg in 500 mL over 4 hours; the 60-mg dose is 
then repeated at intervals of 14 days depending on the se- 
verity of the disease. . 
A patient with Paget's disease refractory to human calci- 
tonin has been reported 3 to respond to treatment with dis- 
odium pamidronate 30 mg in 1000 mL of physiological 
saline by intravenous infusion over 6 hours on each of 3 
consecutive days. 

I. Mauialen CA. et at. Efficacy of the Jisohospho nate APD in 
the control of Paget's bone disease. Boite 1985; 6. 4.9-3.. 
•> Cantrill J A. et at. Lo* dose intravenous 3-amino-l-nydrox- 
" ypropylidene-l.l-bisphosphonate »APD» for the tieatmeni of 
Paget's disease of bone. Ann Rheum D,s 1986: 45: 1012- 
18 

3 Harinck HIJ. et at. Paget's disease of bone: early and late 
' responses to three different modes of treatment wiih amino- 
hydroxypropylidene bisphosphonale (APD). Br Med J 1987. 

4 i'der^DC. Canirill JC. Treatment of Paget's disease of 
bone. Br Med J 1988: 296: 291. . 

5 Drake S. et at. Pamidronate sodium and calciionin-resisunt 
Pagei*s disease: immediate response in a patient. Arch in- 
tern Med 1989: 149: 401-3. 

Proprietary Names 

Aredia, Aredin. 

Preparation details are given in Pan 3. 



Neridronic Acid (4536-s) 

Neridronic Acid trlNN). . 
AHDP; AHHexBP: Aminohexane Diphosphonaie (©-Ami- 
no- 1 -hydroxy hexylidene)diphosphonic acid. 
C 6 H l7 N0 7 P2 = 277.2. 
CAS — 79778-41-9. 

Neridronic acid is used as a neridronaie salt, a bisphos- 
phonale with the general properties of disodium etidro- 
nate It inhibits bone resorption and has been given by 
mouth in the treatment of Paget's disease of bone. 

References. 

1 Delmai PD et at. Beneficial effects of ammoheiane di- 
phosphonaie in patients wiih Paget » dije« oJ T'"" 
am 10 sodium eiidronate. Am J Med 1987; 83: 276-8_. 



CAS — 9002-64-6"! 

Parathvroid hormone is a single-chain polypeptide isolated 
from the parathyroid glands. It contains fU amino acids 
and in man the 'first 34 appear to be responsible for the 
hormonal activity. The ammo-acid sequence vanes accord- 
ing to the source. 

Endogenous parathyroid hormone is involved in the main- 
tenance of plasma-calcium concentrations having a hyper- 
calcaemic effect through its actions on bone, kidney, and 
the gastro-intestinal tract. 

Exogenous parathyroid hormone was formerly use* to 
raise the plasma-calcium concentration in acute nypopar- 
athvroidism with tetany. The response to an intravenous 
injection of parathyroid hormone has also been used in 
the differential diagnosis of hypoparathyroidism and pseu- 
do-hvpoparathyroidism. 

SynuSetirprepaniiions of the first 34 am.no*:ids of hu- 
man and bovine parathyroid hormones I PTH i-j<*i arc 
no* used for diagnostic purposes and are being investi- 
gated for the treatment of osteoporosis, see Tenparatide 
Acetate, below. 

Proprietary Names 
Paraihorm. Para-Thor-Mone. 
Mum-ingredient preparations. Neuromade. 
Preparation details art given in Pan 3. 



Parathyroid Hormone ibosi d 
Parathyrin; PTH. 



Tenparatide Acetate t3M0-m 

Tenparatide Acetate i (7SA/V. rINNM 1. "** 
hPTH 1-34 i teriparatide). 
Cl8t H 291 N 55 0 .M S 2- vH :0..vC2H 4 02. 

CAS — 52232-67-* < ten parotide): 99294-94-7 ixehparatide 
acetate \. 

Units , . 

The potency of tenparatide acetate is expressed in terms 

of units of human parathyroid hormone activity. 

The first International Reference Preparation (1981) o! 

parathyroid hormone, human, for immunoassay contains 

01 unit in approximately 100 ng of freeze-dned punned 

hormone. 

Adverse Effects 

Gastro-intestinal disturbances, a metallic taste, tingling of 
the extremities, and pain at the site of injection nave oc- 
casionally been associated with the intravenous infusion 
of teriparatide acetate. 
Uses and Administration 

Tenparatide is a synthetic polypeptide that consists of the 
1-34 amino-acid fragment of human parathyroid hormone, 
the biologically active N-terminal region. The acetate is 
given by intravenous infusion in the differential diagnosis 
Sf hypoparathyroidism and pseudohyrxiparathyroidism; a 
dose of 200 units is infused over 10 minutes. A 1-38 ami- 
no-acid fragment (hPTH 1-38) has also been used. 
Teriparatide acetate has been given by subcutaneous injec- 
tion in the management of osteoporosis. 
Diagnostic use. In hypoparathyroidism, hypocalcaemia 
and hyperphosphatacmia result from a deficiency in en- 
dogenous parathyroid hormone, whereas pseudohypopar- 
athyroidism comprises a group of inherited disorders, 
characterised bv resistance to the effects of parathyroid 
hormone. In pseudohypoparathyroidism type I. patients 
may be normocalcaemic or hypocalcaemic. and fail to 
demonstrate a phosphaturic response or increased unnary 
cyclic AMP following parathyroid hormone administra- 
tion In patients with the less common type II form of the 
disease, the urinary cyclic AMP. but not the phosphaturic. 
response to exogenous parathyroid hormone is normal. 
Teriparatide acetate is used diagnostically to distinguish 
between hypoparathyroidism and pseudohypoparathy- 
roidism types 1 and 11. In the modified Ellsworth Howard 
test active urine output is initiated and maintained by 
drinking water and urinary concentrations of cyclic AMP 
and phosphate measured at standardised limes before and 
after intravenous infusion of teriparatide acetate: measure- 
ments are corrected for creatinine excretion. A synthetic 
1-38 fragment of human parathyroid hormone (1-38 
hPTH) has also been used diagnostically." 
I. Mallette LE. Synthei.c human parathyroid hormone 1-34 
fragment for diagnostic testing Ann Intern Med I9H8. IW. 
800-4 . 
■» Kruse K. Krachi U. A simplified diagnostic ten in ny- 
* poparathyroidism and pseudohypoparathyroidism type I 
!Tith synthetic I-3R fragment of human parathyroid hor- 
mone. Eur J Pedtatr 1987. 146: 373-7. 
Osteoporosis. In a study of 21 patients with osteoporosis, 
the administration of tenparatide as a daily subcutaneous 
injection for 6 to 24 months pr«* uced 3 sobsianiiri in- 
crease in iliac trabecular bone volume. Calcium and phos- 
phate balance improved in some patients but there was no 
significant improvement overall.' Slovik ex air demon- 
strated that daily administration of tenparatide by subcu- 
taneous injection supplemented with calcitnol by mouth 
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Preface 



The aim of Martindale. The Extra Pharmacopoeia is to provide practising 
pharmacists and physicians with unbiased evaluated information on 
drugs and medicines used throughout the world. Martindale therefore has 
to develop if it is to continue to meet that aim since the body of knowledge 
on existing drugs continues to grow, new drugs still emerge, new 
preparations are launched, old preparations abandoned, reformulated, or 
redefined, and the information needs of those practising pharmacy and 
medicine continue to evolve. The considerable changes that have been 
made with this edition are intended to meet those needs and we hope that 
they make the book easier to use. 

All the monographs from the last edition have been revised, 173 having 
been deleted and 283 added, and reorganised into chapters that better 
reflect the uses of the drugs being described. For example, there is now 
one large chapter on Cardiovascular Agents rather than several chapters 
on groups such as Diuretics or Antihypertensive Agents. As a result, this 
edition contains 54 chapters in Part 1, fifteen fewer than in the 30th 
edition. 

The most significant development, though, with this edition is the 
inclusion of a description of those diseases that are treated by drugs and 
a review of the choice of such treatment. Links are provided between the 
monographs and these reviews and vice versa. The reader can easily refer 
to a monograph from a disease review for further details about that drug. 
Conversely, reference can be made from a monograph to a disease review 
to see what other therapy may be used, although within each monograph 
we have tried to indicate that drug's place in the treatment of a disease or 
symptom for which it is indicated. This feature of the 31st edition of 
Martindale completes a development that was started in some chapters of 
the last edition. 

The 30th edition was published 4 years after its predecessor to meet the 
need for more up-to-date information. That need is even more pressing 
today, hence the appearance of this edition 3 years after the 30th edition. 
For those who require even more up-to-date information from Martindale 
there are the electronic versions, sections of which are updated more 
frequently. 

The information on preparations which is an important feature of 
Martindale has also been revised and the coverage of countries widened. 
Part 3 now describes 62 500 preparations or groups of preparations from 
17 different countries. Within each preparation entry the individual 
ingredients have been indexed with the page numbers of the relevant drug 
monographs. In addition, entries in the General Index for single- 
ingredient preparations show the page numbers of the preparation entries 
in Part 3 as well as of the appropriate monographs. 

Changes have been made to the typography to improve readability. 
Clearer headings have been introduced. Readers should welcome the 
increased type size in some sections as well as the adjustments to spacing 
which make the pages easier on the eye. 

These developments have led to an increase in the size of Parts 1 , 2, and 
3. To compensate, and to keep the book in one volume, we have refined 
the index. We hope that the changes and reduction in size will make it 
easier to use without any loss of access to the edition s contents. 

Martindale is based on published information and 26 300 selected 
references are included. Our aim is to cover the important studies and 
useful reviews and to place them in context. Mega studies and meta- 
analyses are playing a growing and important role in the study of drug 
treatment, and their findings and conclusions are considered in many of 
our chapters. However, there is also a place for the anecdotal report and 
the small study, and information from such sources is included where 
appropriate. 

iv;arUnGaie is not a dock oi siariuards. inclusion of a substance or a 
preparation is not to be considered as a recommendation for use, nor does 
it confer any status on the substance or preparation. Many of the 
monographs in Martindale are a page or more in length. Summaries have 
therefore been added to such monographs to provide readers with a brief 



overview. The inclusion of a summary does not mean that the drug being 
described is more important or more effective than one without a 
summary; all it means is that more words were required to describe its 
actions and uses. While considerable efforts have been made to check the 
material in Martindale. the publisher cannot accept any responsibility for 
errors and omissions. Also the reader is assumed to possess the necessary 
knowledge to interpret the information that Martindale provides. 

Arrangement 

Part 1 (pages 1-1666) contains 4458 monographs arranged in 54 chap- 
ters. These chapters generally bring together monographs on drugs and 
groups of drugs that have similar uses or actions. Those chapters that de- 
scribe drugs used in the management of disease contain descriptions of 
those diseases together with reviews of the choice of treatments and 
cross-references to the drugs discussed. 

Part 2 (pages 1667-1768) consists of a series of 784 short monographs 
arranged in the alphabetical order of their main titles. It includes mono- 
graphs on some new drugs, on drugs not easily classified, and on drugs no 
longer used clinically but still of interest. There are also some mono- 
graphs on substances or techniques that may have a bearing on drug treat- 
ment such as bradykinin and gene therapy. Finally there are monographs 
on toxic substances, the effects of which may require drug therapy. 
Part 3 (pages 1769-2395) contains proprietary preparations from a range 
of countries as well as official preparations from the UK and USA from 
current editions of the British Pharmacopoeia and the United States 
Pharmacopoeia and National Formulary. Preparations from the British 
Pharmaceutical Codex J 973 and earlier editions of the British Pharma- 
copoeia are included if still relevant and not covered by the current Brit- 
ish Pharmacopoeia. The synonyms sometimes included for these 
preparations may be official synonyms or synonyms that are or have been 
in common use. For the proprietary preparations, the information provid- 
ed includes the proprietary name, the manufacturer or distributor, the ac- 
tive ingredients, and a summary of the indications as given by the 
manufacturer. We had hoped to include some information on those prep- 
arations manufactured within the hospital service, often known as 
* hospital specials', and we are grateful to those hospitals who sent us data. 
Unfortunately there were some limitations on the amount of information 
that could be made public and the project had to be dropped. 

Indexes 

Directory of Manufacturers. In Martindale the names of manufactur- 
ers and distributors are abbreviated. Their full names are given in this di- 
rectory together with the full address if it is available. This directory 
contains some 4800 entries. 

General Index. To make fullest- use of the contents of Martindale the 
general index should always be consulted. The exhaustive index to the 
drugs, preparations, compounds, pharmacological and therapeutic 
groups, and clinical uses in the book has been prepared from 131500 in- 
dividual index entries. As in previous editions, the index is arranged al- 
phabetically 4 word-by- word* rather than 4 letter-by-letter\ The index 
indicates the column in which the relevant entry appears as well as the 
page. 

Nomenclature 

Martindale Identity Numbers. Each monograph title is followed by 
an identity number in brackets which consists of a maximum of 6 figures 
followed by a check character. These numbers are used in our computer 
manipulation and their purpose is to identify monographs in Martindale. 
Titles and Synonyms. The title of each monograph is in English, with 
preference being given to British Approved Names, United States Adopt- 
ed Names, and International Nonproprietary Names. These 3 authorities 
are now shown where appropriate. Names given as synonyms include 
commonly used abbreviated names; English, American, and Latin 
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synonvms; names used in other languages when these may not be TeaMy 
identifiable; manufacturers' code numbers; and chemical names. In some 
approved names it is now general policy to use T for ph in sulpha t 
for "th- and T for V ; for this reason entries in alphabetical lists and in- 
dexes should be sought in alternative spellings if the expected spellings 
are not found. A table of contracted names for ions and groups used in ap- 
proved names and titles is given on page xix. 

CAS Registry Numbers. Chemical Abstracts Service (CAS) registry 
numbed abided, where available, for each monograph subsunce to 
help readers refer to other information systems. Numbers for vanous 
foL of the monograph substance are listed with the variation in form 
given in parenthesis. 

Pharmacopoeias 

■me selected pharmacopoeias in which each substance ap pears are fisted. 

Current copies of the pharmacopoeias and their addenda should be con- 

suited for confirmation and for details of standards. 

The pharmacopoeias covered include: Austrian Belgian. BnmK 

British Veterinary, Chinese, Czechoslovakia* E u "P e ™J r ™% 

German Hungarian, International. Italian. Japanese, Netherlands. 

PoZguesTsL. aid United States (including the Formulary). Those 

italicfsed in the above list either appeared as new editions or were revised 

by supplements since the last edition of Martindale. and have been exam- 

ined for this 3 1 st edition. 
The abbreviations for these pharmacopoeias are included in the lisi ; of 

abbreviations used in Martindale, see page xv which also includes details 
of the edition and/or supplement(s) consulted. 

The standards of the European Pharmacopoeia take precedence over 
the standards of the national pharmacopoeias of those countries that are 
parSoL Convention on the Elaboration of a European Pharmacopoe- 
ia^ne e countries are currently Austria, Belgium. Bosma-Herzegovina, 
Croatia, Cypms. Denmark. Finland, France. Germany, Greece, Iceland. 
Ireland iSy, Luxembourg, The Netherlands. Nonvay. Portugal 
Snia. Spain, Sweden, Switzerland, Turkey, the United Kingdom, and 
the Former Yugoslav Republic of Macedonia. 

Atomic and Molecular Weights 

Atomic weights are based on the table of Atomic Weights as revised in 
mZy ^Commission on Atomic Weights and Isotop.c Abundance. 
International Union of Pure and Applied Chemistry and based on the C 
STsee page xxi). Molecular weights are given corrected to one p lace- 
of decimals or to four significant figures for relative weights of less than 
100. 



Preface xiii 

Storage. Substances and preparations. should be stored under conditions 
which prevent contamination and diminish deterioration, and the condi- 
tions of storage given in the text indicate the precauuons recommended 
in specific cases. Where authorities differ, we have included the most 
stringent storage requirement. The term "a cool place' is generally ^used 
to describe a place in which the temperature is between 8 and 15 . In 
general, the storage conditions apply to the monograph substance and not 
its solutions or preparations. 

Temperature. Temperatures are expressed in degrees Celsius (centi- 
grade) unless otherwise indicated. 
Pharmacological and Therapeutic Information 
Information on the adverse effects, treatment of adverse effects, precau- 
uons. pharmacokinetics, and uses and administration of each substance is 
provided by concise statements and these may be elaborated and expand- 
ed by referenced reviews and abstracts from papers and other publica- 
tions. s - 

This edition contains about 11 600 abstracts or reviews based on infor- 
mation in an ever widening range of P« blicauons K W ^ hav ^ , " e t ^ a ^ 
possible to review the key papers. However, room has also been made for 
uTe interesting letter or case report where i, is felt mat informauon on* 
rare effect or action may be useful to the reader. 

Much information has been found in sources i such as World HealA^ Or- 
ganization publications, government reports and legislation, and 1 otfterof- 
5 and standard publications. Manufacturers' literature has been 
considered in the light of other available information. 

The risks of administering drugs in pregnancy are well known and the 
general principle is to give a drug only when the benefit to ^individual 
mother outweighs the risk to the foetus. Where there is a dear nsk u ,s 
Tted under the Precautions or Adverse Effects heading but safety should 
not be inferred from the absence of a statement for any drug. 

Interactions are described under the Precautions heading with detailed 
information being provided in the monograph for the drug that ,s being 
affected. 



Pharmaceutical Information 

Information on the chemical and physical properties of 
given when it is likely to be of use or interest but only when it is j ^rtam 
mat it applies to the form of substance being described m .the monograph. 
Discrepancies in properties as described in the BP and USP are indicated. 
Percentage Strengths. Unless otherwise stated, solutions of solids in 
S^e expressed as percentage w/v. of liquids in liquids as percentage 
v/v, and of gases in liquids as percentage w/w. 

Solubility. The figures given for solubility in each monograph have gen- 
erally been obtained from the major pharmacopoeias in which me sub 
stance is described, but should not be. considered absolute. Unless 
otherwise indicated in the text, the figures are for solub ^ty at tempera- 
tures between 15° and 25°. The information usually relates to w/v so u- 
bilities but in some cases is v/v if the monograph substance itself is a 
liquid. Where solubilities are given in words, the following terms de- 
scribe the indicated solubility ranges: 

solubility 

very soluble 
freely soluble 
soluble 

sparingly soluble 
slightly soluble 
very slightly soluble 
prrctkally insoluble 



I id less than 1 
1 in 1 to 1 in 10 
1 in 10 to 1 in 30 
1 in 30 to 1 in 100 
1 in 100 to 1 in 1000 
I in 1000 to 1 in 10 000 
I in more than 10 000 
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Doses 

Doses are described under the Uses and Administration heading with as 
Sd«ail as is necessary and available. Unless oUierwise sta^ the 

doses represent the average range of q u . anuu f K wh,c ^^ M g 0 ^ n t^na* 
garded as suitable for adults when administered by mouth. More informa- 
tion on doses and drug administration may be given in die abstracts or 
reviews. Unless otherwise specified, glucose injection is 5% w/v, sodium 
chloride injection is 0.9% w/v, and water is punned water. 

When doses for children are expressed as a range of quantities > within 
specified age limits, the lower dose applies at the lower age and the higher 
dose at the higher age. 
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Bone and Bone Disease, p. 773 

Ectopfc ossification, p.773 

Malignant neoplasms of ihe bone. p773 

Osteogenesis imperfecta, p.773 

Osteomalacia, p.773 

Osteoporosis, p.773 

Paget's disease of bone. p.77S 

Renal osteodystrophy, p. 775 
Hypencalcaemia. p. 776 
Parathyroid Disorders, p.776 

Hyperparathyroidism, p.776 

Hypoparathyroidism, p.776 

^nographs 

Aiendronic Acid, p.776 
Calcitonins, p.776 

Calcitonin (Human), p.776 

Calcitonin (Pork), p.776 

Elcatonin. p. 777 

Salcatonin, p.777 
Disodium Clodronate. p. 779 
Disodium Etidronate, p. 779 
Disodium Medronate, p. 780 
Disodium Oxidronate, p. 78 1 
Disodium Pamidronate. p. 78 1 
Neridronic Acid, p.782 
Parathyroid Hormone, p.782 
Risedronic Acid, p.782 
Teriparatide Acetate, p.782 
Tiludronic Acid, p.782 

itroduction 

ie endogenous hormones, parathyroid hormone 
d calcitonin, are involved in the regulation of cal- 
Jm homoeostasis. 

ilcitonins and the bisphosphonates (formerly 
own as biphosphonates or diphosphonates and ex- 
ipjified by disodium clodronate, etidronate, and 
midronate) inhibit bone resorption and thus have 
lypocalcaemic effect. They are therefore used in 
s treatment of conditions associated with in- 
cased bone resorption (see below) and in the man- 
ement of hypercalcaemia, especially that 
sociated with malignancy (see p. 11 70). Radioac- 
ely labelled bisphosphonates are used as bone 
anning agents. 

fathyroid hormone, which has a hypercalcaemic 
; ect, was formerly used in the differential diagno- 
■ of hypoparathyroidism and pseudohypoparathy- 
idism, but has been replaced by teriparatide 
782), the synthetic 1-34 amino-acid fragment of 
nian parathyroid hormone. 

:>ne and Bone Disease 

*e skeleton acts as mechanical support and protec- 
*n to softer tissues and organs. It is also importam 
electrolyte homoeostasis, acting as a reservoir of 
rtain ions and minerals such as calcium, phospho- 
s . and magnesium. 

J ne is composed of two elements: an organic ma- 
*. called osteoid, consisting mainly of collagen, 
d a mineral phase deposited through it comprising 
•°ut 709t of the skeletal mass, and composed 
ie ny of hydroxyapatite (a complex crystalline salt 
c alcium and phosphate). Two structural forms are 
l0WT1 in mature bone, namely cortical Oamellar) 
which has a dense, continuous structure, and 
^ular (cancellous) bone, which has 'spongy' 
"^re of linked plates and is associated with high 
,r * turnover and growth. 

^ « a dynamic tissue which undergoes continual 
^tion and resorption. Bone cells originate in the 
and share common origins with blood cells. 
°e cells include osteoblasts that synthesise oste- 

^ *nd are thus responsible forgone formation; 
.j^*teoclasts are the principal bone-resorbing 
actions of these two types of bone cell are 



closely linked. Bone also contains a third type of 
cell, the osteocytes which are derived from osteob- 
lasts and are thought to be involved in the movement 
of minerals. Bone cells are controlled by systemic 
hormones including parathyroid hormone. 1.25-di- 
hydroxycholecalciferol (calcitriol). and calcitonin 
and local regulators such as bone morphogenetic 
proteins and imerleukin- 1 ; vitamin K is also thought 
to play a role, and they are affected by other hor- 
mones including corticosteroids and sex hormones. 
Bone diseases may be due to defects in the produc- 
tion of osteoid or its mineralisation, or to an imbal- 
ance in resorption and formation of bone. Some of 
the commoner diseases of bone are described below. 

Ectopic ossification. Ectopic ossification 1 (hetero- 
topic ossification) is a condition in which mature bone 
develops in non-skeletal tissues, commonly the connec- 
tive tissue of muscles. It occurs following trauma, for 
example after joint dislocation or surgery such as total 
hip replacement, and also after neurological damage 
such as severe head or spinal cord injuries. Ectopic 
bone formation usually starts about 2 weeks after the 
injury, though symptoms which include localised pain, 
swelling, and restriction of movement, may not be 
present for 8 to 10 weeks. A congenital form of ectopic 
ossification, myositis ossificans progressiva also occurs 
but is rare. 

Ectopic ossification should be distinguished from the 
calcification of soft tissue which may occur in connec- 
tive-tissue disorders or in parathyroid disorders due to 
high circulating concentrations of calcium and/or phos- 
phate. 

Treatment of established ectopic bone is limited to sur- 
gical resection. Patients at high risk of ectopic bone for- 
mation should therefore receive prophylaxis with 
radiotherapy, physiotherapy, or drug therapy. While 
prophylaxis does not always prevent the development 
of ectopic ossification, it can decrease its occurrence 
and severity. Prophylactic measures should be begun as 
early as possible and for orthopaedic surgery may be 
started before the operation. Prophylaxis is also re- 
quired if mature ectopic bone is to be surgically excised 
in order to minimise the rate of recurrence. Bisphospho- 
nates such as disodium etidronate which inhibit the 
mineralisation of the deposited bone have been advo- 
cated 2 but they do not prevent the formation of the oste- 
oid matrix. Also when etidronate is discontinued, some 
mineralisation can occur resulting in delayed ectopic 
ossification though it is usually less severe. More prom- 
ising are the nonsteroidal ami -inflammatory drugs 
(NSAIDs) such as aspirin, ibuprofen. or indomethacin; 
these appear to significantly reduce the incidence of ec- 
topic bone formation. 3 ** possibly by inhibiting the syn- 
thesis of osteoactive prostaglandins. 

For further information on the agents mentioned above, see 
Disodium Etidronate, NSAIDs p 72 

p.779 

1. Singer BR. Heterotopic ossification. Br J Hasp Med 1993 49: 
247-55. 

2. Finerman GAM. Stover SL. Heterotopic ossification following 
hip replacement or spinal cord injury: two clinical studies with 
EHDP. Me tab Bone Dis Relat Res 1981 ; 4 & 5: 337-42. 

3. Schmidt SA. et at. The use of indomethacin 10 prevent the for- 
mation of heterotopic bone after total hip replacement: a rand- 
omized, double -blind clinical trial. J Bone Joint Sum (Ami 
1988: 70A: 834-8. 

4. Pagnani MJ. et at. Effect of aspinn on heterotopic ossification 
after total hip arthroplasty tn men who have osteoarthrosis J 
Bone Joint Surg (Ami 1991: 73 A: 924-9. 

Malignant neoplasms of the bone. For the man- 
agement of malignant neoplasms of the bone, see p.524 
and p.534. For a review of hypercalcaemia of malignan- 
cy and its management, see p. 1 1 70. 

Osteogenesis imperfecta. Osteogenesis imperfec- 
ta (brittle bone syndrome) is a congenital disorder of 
connective tissue that occurs with different degrees of 
severity. Osteoid, the main organic component of the 
bone maoix. is composed of bundles of collagen, and 
defective collagen synthesis results in brittle bones 
which fracture easily; short stature, joint laxity, teeth 
defects, and hearing abnormalities may also occur. 
Orthopaedic treatment and physical activity pro- 
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grammes form the basis of therapy. Beneficial effects 
have been reported with calcitonins in conjunction with 
calcium supplements. 1 - but in general, drug therapv is 
not considered to be very effective. 

For further information on the agents mentioned above, see 
Calcitonins. p.776 Calcium, p. 1 176 

1. Castells S, et al Therapy of osteogenesis imperfecta with syn- 
thetic salmon calcitonin. J Pediatr 1979; 95: 807-1 1 . 

2. Rebelo I. et al. Effect of synthetic salmon calcitonin therapv in 
chiWreo with osteogenesis imperfecta. J Mr Med Res 1989; 17: 

Osteomalacia. Osteomalacia occurs when there is 
impaired mineralisation of the bone matrix resulting in 
'soft' bones. Patients usually present with bone pain 
and muscle weakness and may have subclinical frac- 
tures. Rickets refers to defective mineralisation of 
growing bone and is therefore restricted to children; it 
is associated with retarded growth, skeletal deformities, 
teeth defects, and muscle hypotonia. 
Inadequate bone mineralisation may be caused by vita- 
min D deficiency or its abnormal! metabolism, phos- 
phate depletion, calcium deficiency, or a primary 
disorder of bone matrix such as hypophosphatasia in 
which a deficiency of alkaline phosphatase results in an 
increase in pyrophosphate, an inhibitor of bone miner- 
alisation. Some drags such as etidronate, or metal ions 
such as aluminium, can also interfere with bone miner- 
alisation. For osteomalacia associated with chronic re- 
nal failure, see Renal Osteodystrophy, p.775. 
Several hereditary disorders are associated with the de- 
velopment of rickets including vitamin D-pseudodefi- 
ciency rickets (vitamin D-dependent rickets), in which 
there is impaired synthesis of 1.25-dihydroxycholecal- 
ciferol (Type I) or receptor resistance to 1 .25-dihydrox- 
ycholecalciferol (Type II) and X-linked 
hypophosphataemic rickets. 1 

Treatment is primarily aimed at correcting any underly- 
ing deficiency. Vitamin D substances, calcium, or phos- 
phate supplements can be given by mouth as 
appropriate but doses require careful individual adjust- 
ment to maintain calcium and phosphate concentrations 
within normal limits. If malabsorption is suspected, 
larger doses or parenteral administration mav be neces- 
sary. 

Type I vitamin D-pseudodeficiency rickets requires re- 
placement therapy with calcitriol. In Type II disease, re- 
sistance to calcitriol treatment may be so extreme that 
only very large supplements of calcium may be effec- 
tive.' J X-linked hypophosphataemic rickets is consid- 
ered to be best treated with combined phosphate 
supplementation and calcitriol. 1 J See also p. 1390. 
For further information on the agents mentioned above, see 

Calcium, p. 11 76 Vitamin D, p. 1388 

Phosphate, p. 1 181 

1. Clorieux FH. Rickets, the continuing challenge. N Engl J Med 
1991:325: 1875-7. 

2. Hochberg 2. et at. Calcium therapv for calcitriol -resistant rick- 
ets. J Pediatr 1992: 121: 803-8 . 

3. Verge CF. et at. Effects of therapv in X-linked hypophos- 
phatemic rickets. A f Engt J Med 1991; 325: 1 843-8. 

For a discussion on the occurrence of rickets in small prema- 
ture infants, and its treatment, see Rickets of Prematurity 
p. 1 182. 

Osteoporosis. Osteoporosis is a disorder of low bone 
mass;'- it can affect most if not all of the skeleton but 
bone loss is more rapid in trabecular bone. There is an 
increase in bone fragility but patients are usually 
asymptomatic until fractures occur, most commonly in 
the spine, distal radius, or hip; patients may present with 
loss of height and back pain due to vertebral collapse. 
Bone is continuously removed by osteoclasts (bone re- 
sorption) and replaced by osteoblasts (bone formation). 
Bone mass reaches a maximum at about 30 years of age 
and then gradually declines. Osteoporosis is therefore 
usually an age-related disease. It can affect both sexes, 
though women are at greater risk because there is an 
acceleration of bone loss after the menopause, particu- 
larly in a subgroup (about 35% of all women) of 'fast 
losers*. In addition, other factors can affec! caiciuir; and 
skeletal homoeostasis. For example, bone loss can be 
increased by medical disorders such as thyrotoxicosis, 
hypogonadism, and Cushing's syndrome, or by drugs 
such as the glucocorticoids (see p.1018). Also, immo- 
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bility. especially in younger patients, can result in oste- 
oblastic failure with an increase in osteoclastic 
resorption and the development of osteoporosis. 
Prevention is the most effective method of dealing with 
osteoporosis as once bone mass has decreased it is dif- 
ficult to replace. However, identifying those at most risk 
can be problematic, though the development of non-in- 
vasive techniques to measure bone mass 3 with im- 
proved methods of determining bone -turnover may lead 
to more accurate predictions and better diagnosis. 4 
Should preventative measures not be taken or should 
they fail, then patients may not present until fractures 
are apparent as the disease is usually asymptomatic. A 
number of different approaches to the management of 
osteoporosis have been suggested, including changes in 
life-style, the use of drugs to decrease bone resorption 
such as calcium, oestrogens. calcitonins, and bisphos- 
phonates, and the administration of pharmacological 
agents to stimulate bone formation, such as sodium flu- 
oride.^ 9 

Prevention. 5 * 710 Initially, a modification of life-style is 
recommended. This includes avoiding smoking and al- 
cohol (which have been associated with an increased 
risk of osteoporotic fracture), improving diet to ensure 
an adequate calcium intake, and increasing weight- 
bearing exercise. 

In postmenopausal women, the most effective method 
of preventing osteoporosis is the administration of oes- 
trogens (see p. 1474). Oestrogen intervention slows or 
eliminates postmenopausal bone loss at all skeletal 
sites, particularly if given in the early years after meno- 
pause, and reduces the risk of fractures."' 12 Efficacy is 
dependent on dose but the duration of therapy for max- 
imum effect is unknown. It has been suggested that pa- 
tients should be treated for as long as possible and for at 
least 5 to 10 years: there does not appear to be much 
residual effect when the oestrogen is withdrawn. 13 
Women with an intact uterus must also be given pro- 
gestogen therapy to reduce the risk of endometrial can- 
cer, and the potential value of long-term administration 
of an oestrogen with a progestogen must be balanced 
against the risk of side-effects and the continuation of 
regular withdrawal bleeding. 

If a deficiency of calcium or vitamin D is suspected, 
supplements would be expected to be of benefit in pre- 
venting the development of osteoporosis. Unfortunate- 
ly, the calcium intake required by any individual cannot 
be easily determined and guidelines vary by country 
and culture. In the UK the reference nutrient intake 
(RNI) for adults is 700 mg per day; 14 in the USA the 
recommended dietary allowance (RDA) is 800 mg per 
day. 13 However, recent recommendations from the 
USA 16 have suggested higher intakes: 1 g daily in men 
up to 65 and in premenopausal women; the same 
" amount in postmenopausal women receiving oestro- 
gens and 1.5 g in those who do not; and 1.5 g daily in 
both sexes over the age of 65. A higher intake is also 
suggested in adolescents and young adults. Calcium 
supplements have been found to enhance the rate of in- 
crease in bone mineral density in prepubertal children; 
this could result in an increase in peak bone mass and 
reduce the future risk of osteoporosis. 1718 In adults, the 
results of calcium supplementation (about 1 g of calci- 
um daily by mouth) have been conflicting; some studies 
have reported a reduction in bone loss 19 " 21 but others 
have found calcium supplements to be of little bene- 
fit. 22 - 23 Any effect on the incidence of osteoporotic frac- 
tures is unclear. Irrespective of this controversy, in 
postmenopausal women oestrogen therapy is more ef- 
fective than calcium supplementation 22 and remains the 
primary prophylactic treatment, although calcium sup- 
plementation may be given in addition." 
In patients in whom oestrogen therapy is inappropriate 
or contra-indicated, alternative agents such as the calci- 
tonins or bisphosphonates may be considered. 
Calcitonins have been found to prevent bone loss 24 but 
their use as prophylactic agents is limited by the neces- 
sity for parenteral administration. Intranasal spray for- 
mulations of salcatonin have been developed and have 
produced some beneficial effects. 25 " 27 Concomitant cal- 
cium supplementation is required. Bisphosphonates. 
which may be given by mouth, can also prevent bone 
loss. 28 The prolonged use of etidronate is restricted by 
the risk of osteomalacia but the newer bisphosphonates 



have less effect on bone mineralisation and may be 
more promising. 

A number of other drugs have been reported to have 
favourable effects on bone mass including thiazide diu- 
retics. 29 - 30 tamoxifen. 11 intermittent teriparatide. 3: pro- 
gestogens. 33 and potassium bicarbonate. 34 However, 
their role, if any. in the prevention of osteoporosis has 
not yet been determined. 

Treatment. 2 - 5 " 9 In patients with established osteoporo- 
sis, treatment is directed at maintaining bone mass. This 
involves many of the principles used for the prevention 
of bone loss (see above). 

Oestrogens have been reported to stabilise or increase 
bone mass and to reduce the incidence of vertebral frac- 
tures in postmenopausal women with osteoporosis. 35 
Hypogonadal men with osteoporosis should be treated 
with replacement doses of testosterone. 36 - 37 
Alternatively, calcitonins or bisphosphonates may be 
tried. Intranasal calcitonin administered daily with an 
oral calcium supplement has been found to increase the 
bone mineral content of the spine and to reduce the in- 
cidence of fractures in elderly women with moderate 
osteoporosis. 3 ' Calcitonin therapy may be particularly 
effective in women with high-turnover osteoporosis. 39 
In addition, the analgesic effects of calcitonins may be 
advantageous in patients with acute pain due to oste- 
oporotic fractures. 40 The bisphosphonate. disodium 
etidronate, has similar effects on bone mass and frac- 
tures in established osteoporosis to those of the calci- 
tonins 41 ' 42 but cannot be given for prolonged treatment 
because of the nsk of Osteomalacia; cyclical regimens 
of two weeks oral therapy alternating with 10 to 13 
week rest periods (with calcium supplementation) have 
been used. However, doubts have been raised by the 
finding that during the third year of intermittent treat- 
ment with etidronate there appeared to be an increase in 
the number of fractures 43 

Results of studies using the vitamin D substance calci- 
triol for the treatment of osteoporosis have been con- 
flicting; although some have reported an increase in 
spinal bone density 44 and a reduction in the rate of new 
vertebral fractures, 43 others have found no significant 
effects. 46 However, antiresorptive agents are not gener- 
ally considered to be very beneficial in patients over 75 
years of age and in this group, in whom dietary deficien- 
cies are common, calcium and vitamin D supplements 
can be the mainstay of treatment, 5 - 6 - 47 together with 
measures to reduce the risk of falls and protection of the 
patient from fractures should falls occur. 48 
Osteoporosis has also been treated with agents that pro- 
mote bone formation. Fluoride stimulates osteoblasts 
and increases the density of trabecular bone. However, 
studies of sodium fluoride by mouth given with calcium 
have shown both a reduction in vertebral fractures 49 " 5 1 
and an increase in nonvertebral fractures. 52 These dif- 
ferent results may be attributed to the formulation, bio- 
availability, or dosage, better results having been 
achieved with low doses. 50 - 5 ' The use of sodium 
monofluorophosphate rather than sodium fluoride may 
give better results and fewer adverse effects. 8 * 33 Anabol- 
ic steroids have been tried but have considerable ad- 
verse effects. The use of growth factors or teriparatide 
(the 1-34 amino-acid fragment of human parathyroid 
hormone) to stimulate bone formation has been investi- 
gated; teriparatide administered as daily subcutaneous 
injections has been reported to increase selectively the 
trabecular bone density of the spine in osteoporotic pa- 
tients. 54 - 55 

Ipriflavone, a flavonoid reported to have beneficial ef- 
fects on bone resorption and formation, has produced 
promising responses in patients with established post- 
menopausal osteoporosis. 56 

For further information on the agents mentioned above, see 
Anabolic Steroids, p. 1 469 Progestogens, p. 1 476 
Calcitonins, p.776 Sodium Fluoride, p. 1 75 2 

Calcium, p. 1176 Sodium Monofluoro- 

Disodium Etidronate. phosphate, p. 1 754 

p.779 Tamoxifen, p.600 

Ipriflavone. p.1717 Teriparatide. p.782 

Oestrogens, p. 1 47 1 Testosterone, p. 1 507 

Potassium Bicarbonate, Thiazides, p.887 
p. 1173 Vitamin D. p. 1388 
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Pagers disease of bone. Paget's disease of bone 
(osteitis deformans) is characterised by excessive and 
disorganised bone resorption and formation. It may af- 
fect one or more bones, usually the cranium, spine, 
clavicles, pelvis, or long bones, but in most patients the 
majority of the skeleton is uninvolved. Paget's disease 
occurs in about 3 to 49fc of the population over 40 years 
of age and its frequency increases with age. Patients are 
often asymptomatic. However, some patients may 
present with musculoskeletal and bone pain or with 
bone weakness and deformity that can result in frac- 
tures. Other features include hearing loss, nerve com- 
pression especially of the spinal cord, and. in severe 
disease, heart failure due to increased skeletal vascular- 
ity. 

Many patients do not require any treatment. If bone 
pain occurs, initial management should be with nonster- 
oidal ami -inflammatory drugs. Drug therapy with 
agents that reduce bone resorption. t-i such as the calci- 
tonins and bisphosphonates. may be indicated if bone 
pain is persistent or to prevent further progression of the 
disease, especially if complications such as spinaJ-cord 
compression are present. Such treatment is suppressive 
and while osteolytic lesions may be healed, the under- 
lying disorder is not cured. Maximum relief is usually 
achieved within 6 months when therapy may then be 
Withdrawn, 2 though symptoms do tend to recur and re- 
peal courses may be required. Indefinite treatment may 
** necessary if there are severe complications such as 
vertebral collapse or neurological problems. 
Cajciionips improve the symptoms of Paget's disease 
™ can "heal osteolytic lesions, though complete heal- 
m may take several years. 3 Doses are usually adminis- 
tered parenteral ly by subcutaneous or intramuscular 
jnjecoon either daily or 2 to 3 times a week. The subcu- 
J**°us route is favoured for self -administration but in- 
jroiasal formulations are under investigation and may 
£"»°re convenient. 56 Calcitonins, particularly those 
J"*" anunal sources, frequently elicit an antibody re- 
q*^ 3 * ^ some patients develop resistance to therapy; 
^cao often be overcome by changing to a calcitonin 
adherent species. 2 - 6 
"Wsphonates also give symptomatic relief that can 
thev'iL Scveral montns therapy has ceased but 
Most ^ appear regularly to heal osteolytic lesions. 
Much^**" 6 "" has ***** with disoc » um etidronate, 
but unf advanta 8 c il ma y be given by mouth 
untortunately it also impairs bone mineralisation 
or J^Jf 1 ^ osteomalacia 7 especially with high doses 
f( * Permrf gCd USC Etidronate is therefore usually given 
w i^ 0 ? of U P 10 6 months with drug-free intervals of 
'20 me montns; results of studies using high doses 
(up Si** 1 ' 8 but for snorter periods of time 

i month) have differed 8 9 as to whether or not the 
ft ^ sali °«^eighed the adverse effects on bone miner- 
ot» bone ■ Cr bis P nos P nonates which have less effect 
°*e«^ J^eralisation, such as disodium clodro- 
rtp^^^^sodium pamidronate, 12 ' 4 have also been 
toot icgjZj* cffcc tive in Paget's disease of bone. Var- 
t«s siudisd. including daily sd- 
fthort coorsiL moulh for several months, intermittent 
6001 ^ftSon ^ VCn mtravenous| y* and weekly intrave- 

administration of a calcitonin with a bi- 
has been reported to induce a better re- 



sponse than either agent given alone. 15 but some 
workers consider that such combinations should be re- 
served for patients only partially responsive to a single 
agent. 4 When administered consecutively, results have 
been conflicting; 16 r treatment with a bisphosphonate 
followed by the calcitonin may be the preferred se- 
quence. 16 

Plicamycin (mithramycinj, a cytotoxic antibiotic with 
particular activity against osteoclasts, is highly effec- 
tive in the treatment of Paget's disease of bone when 
administered daily by intravenous infusion for 5 to 10 
days. However, it is associated with severe toxicity and 
is therefore now avoided 4 or reserved for patients re- 
fractory to other agents. Ul * 

Studies with gallium nitrate, ™' z * another inhibitor of 
bone resorption, have indicated beneficial effects in the 
treatment of Paget's disease of bone though the most 
effective and convenient dosage regimen has yet to be 
elucidated and the adverse effects assessed. 
In selected patients, orthopaedic surgery such as hip re- 
placement or correction of a bone deformity may be ap- 
propriate. Drug therapy with a calcitonin or 
bisphosphonate is usually given 1 to 3 months before 
surgery in order to reduce bone vascularity (thus mini- 
mising blood loss during the operation) and also to pre- 
vent development of postoperative hypercalcaemia of 
immobilisation. 

For further information oo the igeots mentioned above, see 
Calcitonins, p. 776 Disodium Pamidronaie. 

Disodium Godronate. p. 781 

P-779 Gallium Nitrate, p.575 

Disodium Etidronate, NSATDs. p. 72 

P-779 Plicamycin. p.595 
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Renal osteodystrophy. Renal osteodystrophy is a 
complex condition associated with chronic renal failure 
which involves the development of osteitis fibrosa (hy- 
perparathyroid bone disease) and osteomalacia.'" Oste- 
osclerosis and osteoporosis may also occur. 
Vitamin D metabolised in the kidney to its most ac- 
tive form. 1.25-dihydroxycholecalciferol, and during 
renal disease a reduction in the synthesis of this metab- 
olite results in reduced intestinal absorption of calcium, 
and hypocalcemia. In addition, a reduction in the renal 
excretion of phosphate leads to hyperphosphataemia 
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which exacerbates these changes and increases the risk 
of soft tissue and vascular calcification. 
The result is inadequate bone mineralisation with the 
development of osteomalacia (see p.773) and excessive 
production of parathyroid hormone, resulting in sec- 
ondary hyperparathyroidism (see p. 776). Hyperparath- 
yroidism increases bone turnover and leads to osteitis 
fibrosa, a condition characterised by an abundance of 
osteoclasts, osteoblasts, and osteocytes. and the deposi- 
tion of fibrous tissue in the bone marrow. 
In patients with chronic renal failure, the accumulation 
of aluminium from cither the dialysis water supply or 
from the use of aiumini urn-containing phosphate bind- 
ers may also have adverse effects on bone (see Alumin- 
ium Hydroxide, p. 1 203). 

Most patients are asymptomatic at presentation and 
treatment is aimed at controlling the plasma concentra- 
tions of calcium, phosphate, and parathyroid hormone. 2 
Severe hyperphosphataemia should be corrected first to 
reduce the risk of metastatic calcification which may be 
aggravated by the use of vitamin D compounds which 
increase calcium absorption. 

Hyperphosphataemia is initially controlled with a low- 
phosphate diet but many patients, especially those on 
dialysis, also need an oral phosphate binder to complex 
with dietary phosphate in the g astro- intestinal tract and 
reduce its absorption. 23 

Calcium salts such as the carbonate or acetate are efTec-^~ 
tive phosphate binders and have been found to suppress 
hyperparathyroidism; 4 ' 5 2.5 to 17 g of calcium carbon- 
ate daily has been given 5 in divided doses with meals 
but careful individual adjustment of the dose is required 
depending on the dietary intake of phosphate and the 
plasma -phosphate concentration. Calcium salts also 
raise plasma-calcium concentrations and combat acido- 
sis but hypercalcaemia can occur* 7 the use of dialysis 
fluids with a lower calcium content has been suggested 
for these patients.-* 

Alternatively, aluminium hydroxide may be given but 
relatively large doses are required and aluminium tox- 
icity has been reported in some patients with compro- 
mised renal function (see Aluminium Hydroxide, 
p. 1203). Long-term use is not generally recommended. 2 
Other compounds that have been reported to be effec- 
tive phosphate binders include sucralfate* 10 (an alumin- 
ium-containing compound) and magnesium 
carbonate." 

Vitamin D compounds that do not require renal hydrox- 
ylation such as calcitriol (1.25-dihydroxycholecalcifer- 
ol) or its synthetic analogue, alfacalcidoi. are the drugs 
of choice for correcting the hypocalcaemia and also 
contribute to the control of secondary hyperparathy- 
roidism;' calcium supplements may also occasionally 
be required. Administration of alfacalcidoi in the early 
stages of renal failure, before dialysis was required, has 
also been reported to improve subclinical bone dis- 
ease. 12 Calcitriol or its analogues are administered by 
mouth; the dose is adjusted according to response but 
must be carefully monitored as the dose required for ad- 
equate suppression of parathyroid hormone secretion 
may be close to that which causes hypercalcaemia. It 
has also been recommended that a close watch should 
be kept on renal function since deterioration may be ac- 
celerated by calcitriol, an effect that may be independ- 
ent of any induced hypercalcaemia. 13 Patients 
unresponsive to drug treatment or who develop hyper- 
calcaemia (which may itself accelerate the decline in re- 
nal function) may require sub-total 
parathyroidectomy. 12 Alternatively, the administration 
of calcitriol as intermittent intravenous infusions (3 
times a week during haemodialysis) has been reported 
to be effective in reducing plasma concentrations of 
parathyroid hormone and ameliorating osteitis fibrosa 
in some patients with moderate to severe secondary hy- 
perparathyroidism due to chronic renal failure who had 
failed to respond adequately to oral calcitriol. 14 

For further information on the agents mentioned above, see 
Aluminium Hvdroxidc, Magnesium Carbonate, 

p. 1203 ' p. 1225 

Calcium Acetate, p. 1 176 Sucralfate, p. 1 243 

Calcium, p. 1 1 76 

1. Malluche HH. Faugcre M-C. Renal osteodystrophy. N Engl J 
Med 1989: 321: 317-19. 

2. Cower P Prevention of bone disease in chronic renal failure. 
Preicribers J 1992; 32: 245-5 1 . 

3. Cobum JW. Saluskv IB. Control of serum phosphorus in ure- 
mia. rV Engl J Med 1989: 320: 1 140-42. 
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renal bone disease in mild to moderate renal failure. Br Med J 
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Hypercalcaemia 

The management of hypercalcaemia is discussed on 
p. il 70 where bisphosphonaies, especially disodium 
pamidronate, are considered to be the treatment of 
choice once the patient has been adequately rehy- 
drated. 

Parathyroid Disorders 

Parathyroid hormone, secreted by the parathyroid 
gland, maintains concentrations of ionised calcium 
in extracellular fluid within normal limits. It acts di- 
rectly on the kidney to enhance renal reabsorption of 
calcium, to increase phosphate excretion, and to 
promote the conversion of vitamin D to its active 
metabolite. 1,25-dihydroxycholecalciferoL which in 
turn, enhances calcium absorption from the gastro- 
intestinal tract. Parathyroid hormone also acts on 
bone, to accelerate bone resorption and the release 
of calcium and phosphate into the extracellular fluid. 
Secretion of parathyroid hormone is primarily regu- 
lated by the extracellular concentration of ionised 
calcium: hypocalcaemia stimulates secretion where- 
as hypercalcaemia has an inhibitory effect. 1,25-Di- 
hydroxycholecalciferol can also suppress 
parathyroid hormone secretion. 
Disorders of parathyroid hormone secretion cause a 
disruption of calcium homoeostasis and in the long- 
term, may result in bone disease. 

Hyperparathyroidism. Primary hyperparathy- 
roidism is a disorder of parathyroid hormone hyperse- 
cretion usually caused by adenomas or hyperplasia of 
the parathyroid glands. Patients are commonly asymp- 
tomatic but may have signs of hypercalcaemia (p. 1 1 70); 
nephrolithiasis may also be present. Secondary hyper- 
parathyroidism occurs in response to hypocalcaemia as 
in chronic renal failure and if prolonged may progress 
to autonomous hypersecretion by the parathyroid gland 
(tertiary hyperparathyroidism). 
Severe hypercalcaemia may require immediate treat- 
ment (see p. 1170). In the long-term, the treatment of 
choice for primary and tertiary hyperparathyroidism is 
usually surgical parathyroidectomy but in patients with 
asymptomatic primary hyperparathyroidism no therapy 
may be necessary. 1 

The value of drug treatment is less well defined. Oral 
phosphate supplements have been given in the short- 
term to alleviate hypercalciuria and hypercalcaemia. 
Bisphosphonates can be used to inhibit bone resorp- 
tion, 2 but their role in the management of hyperparath- 
yroidism has yet to be determined. Disodium etidronate 
has been tried 3 but may cause osteomalacia after pro- 
longed administrauon. In preliminary studies, disodium 
clodronate has reduced hypercalcaemia*** but has failed 
to achieve complete normalisation o£ plasma-calcium 
concentrations and in some patients the effect was only 
transient. Oestrogens have been reported to reduce the 
rate of bone turnover and plasma-concentrations of cal- 



cium in postmenopausal women with primary hypopar- 
athyroidism, 7 * but any long-term benefits are 
uncertain. 9 

The treatment of secondary hyperparathyroidism is 
usually aimed at the underlying cause of the hypocal- 
caemia; for example, for the treatment of secondary hy- 
perparathyroidism associated with chronic renal 
disease, see Renal Osteodystrophy, p.775. 
For further informaiion on the agents mentioned above, see 
Disodium Oodronate. Oestrogens. p. 147 1 

p.779 Phosphate, p. 118 1 

Disodium Etidronate. 
p.779 
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Med 1986; 314: 1*08-9. , 



Hypoparathyroidism. Hypoparathyroidism occurs 
when there is a deficiency of parathyroid hormone se- 
cretion due to tack of parathyroid gland development or 
destruction of the gland, for example by autoimmune 
disease or surgical removal. Other factors that may lead 
to a deficiency in parathyroid hormone include hy- 
pomagnesaemia and parathyroid adenomas. Where the 
deficiency results from resistance to parathyroid hor- 
mone the condition is termed pseudohypoparathy- 
roidism. Hypoparathyroidism leads to hypocalcaemia 
and hyperphosphataemia. though in some patients these 
may not become significant »ntil there is an increased 
calcium demand as in pregnancy. 
Treatment is aimed at correcting the hypocalcaemia; in 
patients with hypocalcaemit tetany the parenteral ad- 
ministrauon of calcium salts may be necessary. In the 
long-term, treatment is usually with oral vitamin D 
compounds which increase the intestinal absorption of 
calcium; calcium supplements may be required if die- 
tary calcium is inadequate. Calcium concentrations and 
renal function require careful monitoring, especially 
since the lack of parathyroid hormone results in an in- 
crease in the renal excretion of calcium and the risk of 
nephrolithiasis. Beneficial effects on plasma-calcium 
concentrations have been reported following the use of 
thiazide diuretics to reduce the urinary excretion of cal- 
cium. 1 - However, these effects tended to be modest and 
thiazide diuretics have not been found to be effective in 
all patients with hypoparathyroidism; 3 adverse effects 
such as metabolic alkalosis may also be a problem. 
In one patient with postsurgical hypoparathyroidism 
good results have been reported following transplanta- 
tion of parathyroid cells depleted of antigen-bearing 
cells. 3 It was considered that this might prove a promis- 
ing technique in the future, 

For further infonnaiion on the agents mentioned above, see 
Calcium, p. 1176 : yitamin D, p. 1388 

Thiazides, p. 887 J j 

1 Porter RH, et al. Treatment of fcfpoparathyroid patients with 
chlorthalidone. N Engl J Med l«8; 298: 577-8 1 

2 Newman GH. et at. Effect of boBdrofluazide on calcium reab- 
sorption in hvpopamhyroidfenwEury Clin Pharmacol 1984: 
27:41-6. " * j * 

3 Genner JM. Genel M. Chlorthalidone for hypoparathyroidism. 
ft Engl J Med 1978:298: 1478. 

4 Barzel US. Chlonhalidonerf or hypoparathyroidism. N Engl J 
Med 1978:298: 1478. , r 

5 Decker GAG. et al. Allotransplantation of parathyroid cells. 
Lancet 1995: 345: 124. Correction, ibid.: 464. 



alendronate): MK-217 (mono sodium alendronate): MK- 
021 7(monosodium alendronate) 4 -Amino- 1 -nydroxyoutan*. 
1 . 1 -dtyibis(phosphonic acid). 
C^H.jNOtP; = 249.1. 

CAS — 66V6-36- 1 (aiendronte acid): 121268-17.$ 

(monosodium alendronate). 

note Alendronate Sodium is USAX. 

Alendronic acid is used as an alendronate salt, a bi- 
sphosphonate with the general properties of diso- 
dium etidronate (see p.779) but reportedly a greater 
potency. It inhibits bone resorption and has been 
given by intravenous infusion or by mouth in the 
treatment of diseases associated with excessive bone 
turnover such as Paget *s disease of bone and oste- 
oporosis and also in the treatment of bone metastas- 
es. 

The dose of alendronate sodium for osteoporosis in 
postmenopausal women is equivalent to 10 mg of 
alendronic acid daily by mouth at least 30 minutes 
before food. 

Bisphosphonates are widely used in the treatment of Paget'* 
disease of bone— see p.775, and have been employed in the 
management of osteoporosis— p.77 3. and in the management 
of bone metastases— p. 5 24. 

References to the use of alendronate are given below. 
1 Adami S. et al. Treatment of Paget** disease of bone with intra- 
venous 4-amino- 1 -hydro*ybuiy lidene- 1 . 1 -bisphosphonate. 
Catcif Tissue Int \9U\ 39: 226-9. . ^ ^ 

"» Attardo-Parnnello G. et al. Effects of a new ami nodi phospho- 
nate t ami nohvdronvbuty lidene diphosphonate) in patients with 
osteolytic lesions from metastases and myelomatosis: compar- 
ison with dichloromethylene diphosphonate. Arch Intern Med 
1987: 147: 1629-33. 
3. Harris ST. et at. The effect of short term treatment with alendr- 
onate on vertebral density and biochemical markers of bone re- 
modeling in early postmenopausal women. J CUn Endocrinol 
Metab 1993:76: 1399-1406. 
4 Chesnut CH. et al. Alendronate treatment of the postmenopau- 
sal osteoporotic woman: effect of multiple dosages on bone 
mass and bone remodeling. Am J Med 1995: 99: 144-52. 

Preparations 

Names of preparations are listed below; details are given in Pan 3. 
Proprietary Preparations 

UK: Fosamax. 



Alendronic Aq<^ (4537-w) 

Alendronic Acid (BAN. riNN), 

AHButBP; Aminohydrt»d/biiylidene Diphosphonic Acid: G- 
704650 (monosodium alendronate); L-670452 (monosodium 



Calcitonins (ui<*-w) 

Endogenous calcitonin is a polypeptide hormone 
involved in the regulation of calcium and bone me- 
tabolism. Forms used therapeutically include: cal- 
citonin (pork), extracted from pig thyroid; a 
synthetic human calcitonin; elcatonin, a synthetic 
analogue of eel calcitonin; and salcatonin, a syn- 
thetic salmon calcitonin. They all have the proper- 
ty of lowering plasma-calcium concentrations by 
diminishing the rate of bone resorption and are 
used in Paget's disease of bone, hypercalcaemia, 
osteoporosis, and metastatic bone pain. Calciton- 
ins are generally given by subcutaneous or intra- 
muscular injection. 

Adverse effects with calcitonins include gastroin- 
testinal disturbances, flushing, and tingling; these 
are more common at the beginning of treatment 

Calcitonin (Human) (ii09i-«) 
Calcttonin-human; Human Calcitonin. 
C lS ,H 226 N«,04 5 S,.3HC1 = 3527.3. 
Pharmacopoeias, tn Swiss. 

A synthetic polypeptide comprising 32 amino acids in the 
same linear sequence as in naturally occurring human calci 
tonin. 

Calcitonin (Pork) <8053-f) 
Calcitonin (Porte) (&ANM). 
CAS- 12321-44-7. 

note. The synonym thyrocalci tonin and the CAS nujnbex 
9007-12-9 have been used for calcitonin that is often of port 

origin. 

Pharmacopoeias. In fir. and It. 

A polypeptide hormone obtained from pork thyroid. The B 
specifies not less than 60 units per mg calculated with refo 
ence to the dried substance. Trace amounts of thyroid ha 
moncs may be present. The BP limits are not more than 20 n 
of liothyronine and not more than 50 ng of thyroxine per an 
of calcitonin. 
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